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1.0 INTRODUCTION 

The purpose of the Innovative Clean Coal Technology demonstration project entitled 

“Demonstration of Innovative Applications of Technology for the CT- 12 1 FGD Process,” 

conducted at Plant Yates, was to demonstrate the use of the Chiyoda Thoroughbred-121 flue gas 

desulfurization process as a means of reducing SO, and particulate emissions from pulverized- 

coal utility boilers that use high-sulfur coal. The project was also designed to demonstrate the 

lower cost and higher reliability of the CT-121 process compared to conventional wet limestone 

FGD processes. 

As the project sponsor, Southern Company Services, Inc., (SCS) was required to develop and 

implement an approved Environmental Monitoring Plan (EMP). The Eh4P for this project was 

prepared by Radian Corporation for SCS and submitted to the U.S. Department of Energy (DOE) 

on December 18,199O. The EMP was subsequently, revised and resubmitted on January 16, 

1995.“’ 

The EMP was developed to fulfil1 the following specific objectives: 

. To provide monitoring data to firlfill environmental compliance requirements of 
local, state, and federal regulatory agencies; 

. To define and describe supplemental monitoring activities; 

. To ensure that~emissions and environmental impacts were consistent with projec- 
tions provided in documents prepared for this project as required by the National 
Environmental Policy Act of 1970 (NEPA); and 

. To develop an environmental record that can be used for future replication of the 
subject technology. 

This report presents and discusses the data obtained during the CT-121 demonstration project in 

fulfillment of the EMP objectives. 
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1.1 CT- 12 1 Demonstration Facilitv Description 

The CT-121 flue gas desulfurization project was conducted at Georgia Power Company’s Plant 

Yates, an existing plant located approximately 40 miles south-southwest of Atlanta, Georgia. 

Plant Yates consists of seven steam turbine electric generating units providing a total nameplate 

capacity of 1,250 MW. Units lthrough 5, in service since the 195Os, are operated as intermediate 

load units and are located in one building that features a common 825-foot stack for venting 

emissions from all five units. Units 6 and 7, in service since 1974, are operated as base load 

units. A common 800-foot stack is used to vent emissions from these two units, which are 

housed in a separate building. All of Plant Yates’ units are equipped with electrostatic 

precipitators (ESPs) for particulate control. 

Tb.e CT-121 flue gas desulfurization project was constructed and operated to treat the entire flue 

gas stream from Unit 1 (100 MW), approximately 12% of the total flue gas generated at Plant 

Yates. A new 258-foot stack was constructed to vent emissions from the CT-121 process. 

A simplified process flow diagram of the CT-121 process is shown in Figure l-l. Major process 

sampling locations are shown in that diagram. The following paragraphs describe key features of 

the process. 

1 .I. 1 Limestone Feed System 

Limestone is transported to Plant Yates by truck and delivered to a 30-day storage pile. From 

there it is loaded into an above-grade load hopper. A covered inclined conveyor system is used 

to deliver the limestone to a storage silo, from which it is conveyed to a wet ball mill. The mill 

product is pumped to hydroclones for size classification. The hydroclone ov&ow flows into a 

slurry feed tank, while the underflow is recycled to the ball mill. The limestone slurry is then 

pumped to the jet bubbling reactor. 

l-2 
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1.1.2 Jet Bubbling Reactor 

The jet bubbling reactor (JBR) is the key element of the CT-121 process. The demonstration 

project’s JBR is approximately 40 feet tall by 40 feet in diameter and is constructed of tiberglass 

reinforced plastic (FRP). The JBR slurry is mixed using a single center-mounted agitator. 

Pre-cooled flue gas from Unit 1 enters the JBR in a plenum chamber, from which it is forced into 

the froth zone of the JBR. Air is injected below the slurry surface to oxidize SO, absorbed from 

the flue gas, which reacts with the limestone slurry to form gypsum. The desulfurized flue gas 

flows upward through risers and into a second plenum, where most of the entrained liquid in the 

gas is disengaged, then through a mist eliminator to the dedicated stack. 

1 .1.3 Flue Gas Handline Svstem 

The flue gas handling system was designed to allow for several different modes of operation. 

Tests with low-particulate loading (with the ESP in service) and high-particulate loading (with 

the ESP either partially or completely out of service) were conducted as part of me 

demonstration project. 

1.1.4 Solids Disoosal 

As the JBR slurry exceeds a prescribed density, the underflow is pumped approximately 2,540 

feet via a pipeline to an eight-acre gypsum stacking area. The gypsum slurry is pumped to a 

central location in the stacking area. Supematant liquor and accumulated rainfall are collected 

for reuse in the process. As the inner area of the stack is filled with solids, a dragline is used to 

stack the dewatered material and to raise the level of the perimeter dike. 

1.2 Proiect Descriution 

The CT-121 demonstration project at Plant Yates consists of four distinct test periods including: 
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. Period 0: Site Preparation, Construction, and Startup of the Demonstration 
Project; 

. Period 1: Baseline Testing at Low-Particulate Loading-with ESP in service; 

. Period 2: Testing at High-Particulate Loading-ESP detuned or out of service; 
and 

. Period 3: Post-Demonstration Groundwater Testing and Gypsum By-Product 
Evaluation. 

Additional details about the environmental monitoring conducted during each of these four 

periods is provided in Section 2. 

1.3 Reuort Oreanization 

The remainder of this report is organized as follows: 

. Section 2 discusses the technical approach used in performing environmental 
monitoring during the CT-121 demonstration project; 

. Section 3 s-arks the environmental monitoring results for gaseous, aqueous, 
solid, and groundwater streams; 

. Section 4 presents a summary of conclusions based on the results presented in the 
previous section; 

. Section 5 provides a number of recommendations; and 

. Section,6 is a list of references. 

Tables and figures containing the detailed results for each of the streams monitored as part of the 

EMP are provided in the appendices. 
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2.0 TECHNI&L APPROACH 

This section discusses the gaseous-, aqueous-, solid-, and groundwater-stream monitoring 

conducted under the EMP for the CT-121 demonstration project. It also summarizes the 

sampling and analytical methods that were used. 

2.1 Environmental Monitoring Plan 

The objectives of the EMP were addressed through an integrated monitoring approach. Monitor- 

ing efforts were divided into discrete areas: 

. Gaseous stream monitoring, including internal process streams as well as dis- 
charges; 

. Aqueous stream monitoring, including effluent streams and internal process 
streams; 

. Solids monitoring, including solid waste and internal streams; and 

. Monitoring of key process parameters that may be related to the environmental 
quality of pertinent streams. 

A simplified process flow diagram of the CT-121 demonstration unit was shown earlier (Figure 

l-l). EMP sampling and monitoring points are identified in this figure. 

The CT-121 demonstration project at Plant Yates consisted of four distinct environmental test 

periods, including: 

. Period 0: Site Preparation, Construction, and Startup of the Demonstration 
Project; 

. Period 1: Baseline Testing at Low-Particulate Loading-with ESP in service; 

. Period 2: Testing at High-Particulate Loading-ESP detuned or out of service; 
and 

. Period 3: Post-Demonstration Groundwater Testing and Gypsum By-Product 
Evaluation. 
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The Low- and High-Particulate test periods each consisted of a number of short-term parametric 

and long-term load-following test blocks. These tests were conducted to determine how different 

operating conditions, such as jet bubbling reactor (BR) pressure drop, scrubber slurry pH, gas 

flow (i.e., boiler load), coal sulftrr content, limestone source, and ESP operating parameters affect 

emissions and CT-121 process performance. Tables 2-1 and 2-2 summarize the tests performed 

during the Low- and High-Particulate test periods, respectively. A more detailed discussion of 

the tests is provided in Volume 2 of the project’s Final Report.@) 

The Low-Particulate loading test period consisted of the following test blocks, all of which were 

performed with the ESP fully energized: 

. Parametric tests while using the baseline program coal (approximately 2.5% 
sulfur) and main program limestone; 

. Long-term load-following tests while using the baseline program coal and 
limestone; and 

. Auxiliary test blocks, consisting of high SOr removal, alternate limestone, and 
alternate coal (4.3% &fur) tests. 

During the High-Particulate loading test period, similar test blocks were perfotmed, but with the 

ESP either partially or completely de-energized. The original plan called for all of the High- 

Particulate tests to be conducted with the ESP completely de-energized. However, severe 

sparger tube fouling was encountered during the High-Particulate Parametric Test block when 

the ESP was operated in this mode. In subsequent tests, the ESP was operated in a partially 

energized mode, to simulate operation with a marginally performing particulate collection 

device. 

In addition, a decision was made to continue to operate the scrubber during High-Particulate tests 

with the limestone used in the Low-Particulate Alternate Limestone test block, a third limestone 

was used in the High-Particulate Alternate Limestone test block. A number of tests were also 

conducted using the plant’s Phase 1 compliance coal (1.25% sulfur). The coal used in the High- 

Particulate Alternate Coal test block had a lower sulfur content than that used during the Low- 

Particulate Alternate Coal test block (3.4% sulfur versus 4.3%). In addition, the 2.5% sulfur 
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TABLE 2-l 
SUMMARY OF LOW-PARTICULATE LOADING TESTS 

Test Block Test Numbers Dates 

Parametric Tests Pl-1 - Pl-36 01117/93 - 03/31/93 

Long-Term Load-Following Tests Ll-I - Ll-3 04/01/93 - 09/10/93 

Auxiliary Tests 

* High SO, Removal 

-Parametric 

-Load-Following 

HRI-1 - HRl-3 09114193 - 09116/93 

HRl-4 09117193 - lo/22193 
I I 

. Alternate Limestone 

-“Clean” JBR Parametric 

-Load-Following 

PlB-1 - PlB-13 

ALl-1 - ALl-2 

12103193 - 12121193 

12122193 - Oll25l94 

TABLE 2-2 
SUMMARY OF HIGH-PARTICULATE LOADING TESTS 

II -Pan.metric I ALZ-1 - ALZ-14 I 11122194 - 12128194 
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baseline coal was unavailable during the latter part of the High-Particulate test block, resulting in 

some tests being conducted at lower SO, concentrations than were experienced during the Low- 

Particulate test block. 

Another factor leading to a modification of the original test plan was the discovery during the 

High-Particulate Parametric tests that it was necessary to operate at lower slurry pH levels to 

avoid the formation of aluminum fluoride complexes that hindered limestone utilisation. 

For the reasons outlined above, it was not possible to make direct comparisons between many of 

the Low-Particulate and High-Particulate tests. 

2.1.1 Gaseous Stream Monitoring 

Gaseous stream monitoring as specified in the EMP is summarized in Table 2-3, and included 

two streams: the flue gas inlet to the JBR and the stack gas. Monitoring frequencies for each of 

the parameters included are shown in the table. 

The only environmental compliance monitoring requirements were the continuous measurement 

of the JEIR inlet flue gas opacity (for which a variance was obtained for the High-Particulate test 

blocks), and ammal measurement of the particulate matter loading in the stack gas stream. All of 

the other parameters shown in Table 2-3 represented supplemental monitoring requirements. 

SO, was monitored continuously in the JBR inlet flue gas and stack gas to determine SO, 

removal efficiency; oxygen was also monitored continuously so that all of the data could be 

normalized to a consistent basis (i.e., 3% 0,). SO, was measured to determine whether the 

scrubber removed this sulfuric acid mist precursor. Particulate matter loadings and particle size 

distributions were measured to determine the ability of the scrubber to remove particulate matter 

present in the flue gas inlet to the JBR. 
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TABLE 2-3 
GASEOUS STREAMS: INTEGRATED MONITORING SCHEDULE 

FOR EACH TESTING PERIOD” 

A = Annual monitoring 
C = Continuous monitoring 

camp. = Compliance monitoring 
supp. = Supplemental monitoring 

Notes: 

’ Each of the two testing periods (Low-Particulate and High-Paticulate) consisted of parametric and 
long-term tests. 

b The opacity of the JBR inlet gas stream was measured using a continuous monitor. 

d Particulate loading measurements were to be made in triplicate for each of three load levels at three JBR 
liquid levels. 

Stream identifiers G-l and G-2 are shown in Figure 1-l. 
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2.1.2 Aoueous Stream Monitoring 

As shown in Table 2-4, aqueous stream monitoring included both compliance and supplemental 

monitoring. Of Plant Yates’ permitted discharge streams, only two could have been affected by 

operation of the CT-121 scrubber demonstration: ash transport water and final plant discharge. 

The sampling frequency and parameters monitored were specified in the Georgia Department of 

Natural Resources, Environmental Protection Division (EPD) NPDES Permit No. GAOOO1473. 

All of the remaining parameters included in the EMP represented supplemental monitoring and 

included parameters from several internal process streams, including JBR froth zone, JBR draw- 

off, limestone slurry feed, gypsum stack return, and makeup water. Both solid and liquid phase 

analyses were conducted for slurry streams. The parameters selected for monitoring were those 

needed to characterize me performance of the CT-121 process. 

2.1.3 Solid Stream Monitoring 

The only solid stream included in the scope of the EMP was the coal feed to the boiler supplying 

flue gas to the CT-121 scrubber. All of the other solids monitoring for process streams and 

gypsum byproduct were included as part of the aqueous stream monitoring, described in the 

previous section. As summarized in Table 2-5, the coal feed monitoring included proximate and 

ultimate analyses and trace elements. 

2.1.4 Groundwater Monitoring 

Groundwater monitoring was initiated during the preconstruction period (Period 0) and 

continued through the two-year post-demonstration period (Period 3). During the preconstruc- 

tion period, five monitoring wells were installed in the vicinity of the proposed gypsum stacking 

area. Monitoring was conducted every two months from September 1990 through July 1991 for 

the suite of parameters shown in Table 2-6. 
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TABLE 2-5 
SOLID STREAMS: INTEGRATED MONITORING 

SCHEDULE FOR EACH TESTING PERIOD 
Monitoring Schedule Coal Feed 

Parameter Parametric Long-Term 

Proximate Analysis, Sulfur, and HHV l/D l/D 

Ultimate Analysis, Chlorine, and Fluorine ll6M 116M 

Trace Elements: 116M ll6M 

AlUttlbltlttl 
Antimony 
Arsenic 
BtilUtl 
Beryllium 
BOPX 
Cadmium 
Calcium 
Chromium 

Cobalt 
Copper 
IPXl 
Lead 
Magnesium 
Manganese 
MUCUly 
Molybdenum 
Nickel 

Phosphorus 
Potassium 
Selenium 
Silicon 
Sodium 
Sultiw 
Titanium 
Uranium 
Vanadium 

l/n = once per day 
116M = Once every six months 
HHV = Higher heating value 

Notes: 

1) All monitoring shown was supplemental. 

2) The monitoring shown was in addition to the regulatoty compliance requirement for weekly analysis of the coal 
feed for sulfur, moisture, heating value, and ash. 

3) Each testing period consisted of paramedic and long-term tests. 

4) Gypsum solidswere mdnitored and reported as part of the IBR draw-off (Stxam A-l). See Table 24. 
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TABLE 2-6 
GROUNDWATER: INTEGRATED MONITORING 

SCHEDULE FOR EACH TESTING PERIOD 

I 1/2M [supp.] I 110 ISUUD.1 -~I 
II Total Dissolved Solids I 1/2M [supp.] I l/Q [SWP.~ II 

II Bromide 112M [supp.] II 

II Nitrate I 1OM [supp.] I 
Sulfate 

Radium 226 and 228 

1/2M [supp.] 

112M [supp.] 
l/Q Impp.1 
l/Q [SUPP.~ I 

1RM = once every 2 months 
l/Q = once per quarter 

supp. = supplemental monitoring 

1) Trace elements that are measured in these tests are the following: 

AlUIlliIl~ Cadmium 
Antimony Copper 
Arsenic Chromium 
BtilUIl Cobalt 
Bevllium IrOll 
B0r0n Lead 
Calcium Magnesium 

Manganese 
MWCUty 
Molybdenum 
Nickel 
Phosphorus 
Potassium 
Selenium 

Silicon 
Sodium 
SUlfUI 
Titanium 
Uranium 
Vanadium 
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Following the preconstruction period, and as a Georgia EPD permit requirement, two additional 

monitoring wells were installed in 1992. The locations of all seven monitoring wells are shown 

in Figure 2-1. Beginning in the third quarter of 1994, post-construction monitoring was 

performed quarterly. Monitoring wasperformed throughout both scrubber demonstration 

periods and continued for two additional years. 

Groundwater monitoring parameters were selected to demonstrate that the gypsum stacking area 

can be operated in an environmentally benign and acceptable manner. 

2.1.5 Modifications to the EMP 

In the course of executing the environmental monitoring for the CT-121 demonstration project, a 

small number of changes and modifications were made to the EMP. These included the 

following: 

. Several groundwater monitoring parameters were added as part of the permit 
requirements for the gypsum stacking area, including quarterly monitoring for 
total organic halides (TOX), and annual monitoring for volatile organic com- 
pounds (VOCs). 

. Groundwater samples could not be obtained from all seven monitoring wells 
during each quarterly monitoring campaign. One of the downgradient wells was 
unproductive since groundwater monitoring began. The upgradient well was also 
unproductive from the fourth quarter of 1993 through the first quarter of 1995. 

. Monitoring of the JBR froth zone solids was discontinued during the early part of 
the High-Particulate testing period. Previous monitoring demonstrated the 
similarity of the composition of these solids and the JBR draw-off solids, since 
the JBR was such a well-mixed vessel. Discontinuing the analysis of the JBR 
froth zone solids helped alleviate the large work load on the on-site laboratory 
without eliminating the gathering of unique information on the composition of the 
JBR solids. 

. The EPA’s Toxicity Characteristic Leaching Procedure (TCLP), scheduled to be 
performed on JBR draw-off solids once during each of the two scrubber operating 
periods, was not performed. A sample was obtained during the Low-Particulate 
test period but was not analyzed within the maximum allowable holding time; no 
sample was obtained during the High-Particulate test period due to a scheduling 
oversight. 
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2.2 Samuline and Analvtical Methods 

The EMP sampling and analytical methods are briefly summarized in this section. Additional 

details are provided in the Quality Assurance/Quality Control Plan appended to the project’s 

EMP. Deviations horn the EMP-specified methods are also discussed. 

2.2.1 Summarv of Gaseous Stream Methods 

Table 2-7 shows the methods used to collect and analyze gaseous stream samples. Continuous 

emission monitors were used for opacity, sulfur dioxide, and oxygen measurements. EPA- 

approved sampling methods were followed to measure moisture (EPA Method 4) and particulate 

loading (EPA Method 5b). The size distribution of the particulate matter was determined using 

modified Brink cascade impactors that were operated at the average isokinetic flow rate at a 

given port. 

The controlled condensation method was used for SO, sampling. In this method a gas sample is 

withdrawn from the stream at a temperature above the sulfuric acid dew point (400-600” F). The 

gas stream passes through a condenser where it is cooled to a temperature that is below the 

sulfuric acid dew point, but above the moisture dew point. 

2.2.2 Summarv of Aaueous Stream Methods 

Grab samples were obtained from all monitored aqueous streams. Positive pressure filtration 

was used to remove solids from reactive slurry streams. The liquid phase samples were filtered 

directly into sample containers containing appropriate preservatives. Vacuum filtration was used 

for separation of all other aqueous/slurry streams. Approved EPA, EPRI, and ASTM methods 

were used to analyze the aqueous stream samples, as shown in Table 2-8. Additional details are 

provided in the listed references. 
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TABLE 2-7 
SAMiLING AND ANALYTICAL METHODS: GASEOUS STREAMS 

Particulate Matter: 

Loading 

Particle Size Distribution 

EPA Method SB Gravimebic G-l,G-2 

Isokinetic, Cascade Giavimetic I G-l,G-2 II 
Impactor I I I 

’ Stream identification: 

G-l = treated stack gas stream; and 

G-2 = flue gas inlet to JBR. 

b GAS = Continuous extra&e gas analysis system. 
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2.2.3 Summary of Solid Stream Methods 

Composited grab samples of coal feed were obtained and stored in plastic bags prior to analysis. 

The coal analyses followed the approved ASTM methods summarized in Table 2-9. 

TABLE 2-9 
SAMPLING AND ANALYTICAL METHODS: SOLID STREAM (COAL FEED) 

’ Analytical methods: AA = atomic absorption; SIE = specific ion electrode; and IC = ion chromatography. 

’ Analytical reference: ASTM Number = American Society for Testing and Materials Method Number. 

2.2.4 Summarv of Groundwater Methods 

Groundwater sampling and analytical methods are summarized in Table 2-10. The QED Well 

Wizard dedicated sampling system was used to purge the monitoring wells and collect samples. 

The Well Wizard system utilizes a dedicated Teflon@ bladder pump and portable air compressor 

to extract groundwater samples. To ensure the collection of a representative sample, standing 

water was removed by purging a minimum of three wetted casing volumes. 
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TABLE 2-10 
SAhiPLING AND ANALYTICAL METHODS: GROUNDWATER 

’ Analytical methods: AA = atomic absorption; ICP-AES = inductively coupled plasma argon emission spectros- 
copy; and IR = infrared. 

b EPA No: EPA Methods for Chemical Analysis of Water and Wastes. SW No: Test Methods for Evaluation of 
Solid Wastes, EPA SW-846,3rd ed. (November 1986). 

‘Methods for groundwater trace elements include SW 6010 (metals by ICP-AES); SW 7041 (Sb); SW 7060 (As); 
SW 7421 (Pb); SW 7740 (Se); and SW 7841 (Tl). 
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Conductivity, pa, redox potential, and temperature were monitored and recorded during purging. 

Samples were collected after these indicator parameters stabilized. Approved EPA and ASTM 

methods were used for sample analysis, as summarized in Table 2-10. 

2.2.5 Modifications to EMP-Suecified Methods 

For the most part, the methods specified in the EMP were followed. Deviations from these 

methods are briefly discussed below: 

. For aqueous stream nitrates-nitrites, the calorimetric method (EPA 353.1) was 
used instead of the specified ion chromatographic method (EPA 300). The 
alternate method provides an improved detection limit as well as a longer sample 
holding time. 

. Rather than determining coal trace elements using inductively coupled argon 
plasma emission spectroscopy (ICP-AES; EPA 200.7), Georgia Power Company 
used ASTM methods baaed on atomic absorption spectrophotometry, which give 
improved detection limits (i.e., ASTM D3682, D3683, and D3684). 
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3.0 MONITORING RESULTS 

This section presents a summary of the environmental monitoring program results, primarily in 

graphical and tabular form. Tables containing the complete results for all EMP parameters are 

provided in Appendix A. The results for gaseous streams, aqueous streams, solid streams, and 

groundwater are presented in separate subsections. 

3.1 Gaseous Stream Monitoring Results 

Two gaseous streams were monitored as specified in the EMP: The flue gas inlet to the JBR and 

the stack gas. Table 3-1 summarizes the actual and planned gaseous stream monitoring for the 

Low- and High-Particulate test periods. Essentially all of the planned EMP monitoring was 

performed during both periods. Monitoring the opacity of the flue gas inlet to the JBR was not 

conducted during the High-Particulate test period. A variance to Plant Yates’ operating permit 

was obtained for this period because the intentionally high concentrations of particulate matter in 

this stream led to high opacity values that did not represent the opacity of the stack gas emitted to 

the atmosphere. Although the results are not presented in this report, continuous monitoring of 

the oxygen content of the two gas streams was performed as planned. This was done so that the 

measured SO, concentrations could be normalized to a consistent basis (i.e., 3% 0,). 

Supplemental and compliance monitoring results are discussed separately below. 

3.1.1 Suuulementai Monitoring 

This section presents a summary of the results of EMP monitoring for sulfur dioxide, particulate 

matter loading and size distribution, sulfur trioxide, and water vapor. 
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TABLE 3-l 
GASEOUS STREAMS: ACTUAL AND PLANNED MONITORING a 

II ^~ 7as Flue Gas Inlet to JBR 
High-Particulate 1 Low-Particulate 1 High-Particulate 

Stack C 

Parameter Low-Particulate 1 I - 
Opacity o/o o/o C/Cb Note c 
so2 CIC c/c c/c c/c 
0, c/c CIC c/c I c/c 
Moisture Content 919 919 919 919 
so, 34136 34136 33136 35136 
Particulate Loading 919 919 919 919 
Particle Size Distribution 919 919 919 919 

a 919 = 9 actualI planned. 

b C = Continuous monitoring. 

‘Opacity monitoring was not conducted during the High-Particulate test period since the particulate loading in this 
stream led to opacity levels that were not representative of stack gas conditions. A variance to Plant Yates’ 
operating permit was obtained to allow this emission. 

3.1.1.1 Sulfur Dioxide 

Defining the impacts of CT-121 scrubber operating variables on sulfur dioxide removal 

efficiency was one of the major areas of emphasis in this demonstration project. SO, 

concentrations in the TBR inlet gas andstack gas streams were monitored continuously during all 

comparison of results. This section discusses the results from the Low- and High-Particulate 

Parametric, Long-Term, and Auxiliary test hocks of the Low- and High-Particulate test periods. 

The measured SO, concentrations in both streams were normalized to 3% 0, to allow direct 

computation of the scrubber removal efficiency. 

Parametric Tests. The purpose of the Parametric Tests was to determine the impact of 

several scrubber operating variables (including scrubber shury pH, boiler load, and JBR 

deck pressure drop) on SO, removal efficiency. The results were regressed to develop 

equations predicting SO, removal as a function of scrubber operating parameters. The 

details of the data regression are beyond the scope of this EMP volume, but they are 
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provided in Volume 2 of the project’s Final Report.@) A full set of Parametric Tests was 

performed during both the Low- and High-Particulate test periods. 

The operating variables and the ranges studied during the Low-Particulate Parametric 

tests included pH (4.0,4.5, and 5.0), boiler operating load (50, 75, and 100 MWe), and 

JBR deck pressure drop (8, 12, and 16 inches of water column - in. WC). The results 

obtained during this test block are shown graphically in Figures 3-1 through 3-7. In 

Figures 3-1 through 3-6, the measured SO, removal efficiencies were normalized to 2,200 

ppmv SO, inlet concentration, using the predictive operations described above to 

facilitate comparisons. 

Figures 3-l through 3-3 present the SO, removal efficiency data plotted against pressure 

drop and pH for loads of 100,75, and 50 MWe, respectively. These figures show that, in 

general, SO, removal increased with increasing JBR deck pressure drop and slurry pH. 

However, the incremental increase in SO, removal obtained when the slurry pH increased 

from 4 5 to 5 .O was typically small, indicating that there is little incentive to operate at the 

higher pH level. Very high pH operation (i.e., pH>5.2) was also found to be undesirable 

because of operating problems such as scaling and diminished limestone utilization. 

Achieving SO, removal efficiencies above 90% generally required a JBR deck pressure 

drop of 12 in. WC or more. 

Figures 3-4 through 3-6 show the impact of boiler load and JBR deck pressure drop on 

SO, removal efficiency at slurry pH levels of 4.0,4.5, and 5.0. In general, SO2 removal 

tended to decrease with increasing boiler load, although the impact was greatest at low 

pressure drop and became insigniticant at the highest pressure drop of 16 in. WC for pH 

values of 4.5 and 5.0. 

Because of natural variations in the coal sulfur content during these tests, it was possible 

to determine the impact of this variable on SO, removal efficiency at two inlet SO, 

concentrations: 2170 ppmv and 2430 ppmv (corrected to 3% oxygen). As shown in 
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Figure 3-7, an increase in inlet SO, concentration led to a decrease in removal efficiency 

at a given set of scrubber operating conditions. 

The test plan for the High-Particulate Parametric Test block did not cover exactly the 

same ranges of operating parameters as those used during the Low-Particulate Test block. 

Although the majority of the tests were conducted with the ESP completely de-energized, 

a cautious approach was taken to determine the operability of the scrubber at reduced 

ESP efficiencies (i.e., target particulate removal efficiencies of 90% and 50%) prior to 

conducting the tests with the ESP completely de-energized. The range of JBR deck 

pressure drops was altered to evaluate only those in the more typical operating range (10, 

13, and 16 in. WC). The pH range was modified (3.5,3.75, and 4.0) when inhibited 

limestone dissolution was detected, as a result of the high ash loading. Figures 3-8 

through 3-13 present the results Tom this Parametric Test block. As before, the measured 

SO, removal efficiencies were normal&d to an SO, inlet concentration of 2,200 ppmv to 

facilitate direct comparisons between tests. 

Figures 3-8 through 3-10 show the impact of JBR deck pressure drop and pH for boiler 

loads of 100, 75, and 50 MWe, respectively. The increase in SO, removal efficiency with 

increasing JBR deck pressure drop was similar to that seen during the Low-Particulate 

Parametric Test block. The impact of pH is not clear from these data, primarily because 

of the scaling in the JBR that occurred over the period of time that this test block was 

conducted. 

Figures 3-l 1 through 3-13 show the impacts of boiler load and JBR deck pressure drop 

on SO, removal efficiency at slurry pH levels of 3.5, 3.75, and 4.0, respectively. The 

expected increase in SO, removal efficiency with increasing JBR deck pressure drop was 

observed, but the impact of load was confounded because of progressive scaling in the 

JBR. Project personnel were able to construct a model to predict the decrease in SO, 

removal efficiency with time due to the buildup of fouling deposits; this is discussed in 
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low-sulfur compliance coal (about 1.25% sulfur), so the original scope of these tests was 

modified to provide data that could be used to develop a parametric regression model for 

the prediction of scrubber performance at the low inlet SO2 concentrations. No direct 

comparisons to tests conducted with the Dravo limestone could be made because of the 

differences in flue gas SO2 concentration resulting from the use of different coals. Tests 

were conducted at pH levels of 4.0 and 3.75, boiler loads from SO to 100 MWe, and mR 

AP levels from 10 to 18 in. WC. The results are shown in Figures 3-23 and 3-24. The 

results generally followed the expected trend of increasing SO, removal efficiency with 

increasing JBR AP. However, during the pH 3.75 tests the effects of load were somewhat 

uncharacteristic since SO, removal efficiency was unaffected by boiler load at the highest 

JBR AP levels. 

Alternate,Coal tests were conducted to evaluate system performance and flexibility while 

the boiler burned a coal with a sulfur content significantly higher than that of the baseline 

coal (2.5% sulfur). During the Low-Particulate Alternate Coal tests, the coal sulfur 

content was approximately 4.3 percent. Although the same coal was ordered for the 

High-Particulate Alternate Coal tests, the average sulfur content of the coal fired in these 

tests was 3.4 percent. 

Figures 3-25 and 3-26 present the results for the Low-Particulate tests and include, for 

comparison, results from comparable Parametric tests (i.e., 50 and 75 MWe, JBR AP 16 

in. WC) for three pH levels. SO, removal efficiencies were lower for the high-sulfur coal 

at both load levels and all pH levels tested, as expected. 

The data from the High-Particulate Alternate Coal tests are shown in Figure 3-27. These 

results show the expected increases in SO, removal efficiency with increasing JBR AP 

and decreasing boiler load. Figure 3-27 also contains data from comparable Low- 

Particulate Alternate Coal tests conducted at an inlet SO, concentration of 3,500 ppmv (at 

3% 0,). When these data were normalized to 3,000 ppmv using the regression model 

developed under this program, the SO, removal efficiencies compared well to those 
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Figure 3-23. Effect of JBR AP on SO, Removal Efticiency During 
High-Particulate Alternate Limestone Tests at pH = 4.0 
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observed during the High-Particulate Alternate Coal tests. It is significant that the 

removal efficiency did not decrease at high ash loading conditions. 

3.1.1.2 Particulate Matter 

Particulate matter (PM) samples were obtained by Southern Research Institute (SRI) from the 

flue gas inlet to the JBR and stack gas streams during the first nine parametric tests of both the 

Low- and High-Particulate test periods. During the Low-Particulate tests, the ESP,was operated 

fully energized, while during the High-Particulate tests, target ESP efficiencies from 0 to 95% 

were achieved by completely de-energizing the ESP or by energizing selected fields. In addition 

to ESP efficiency, the primary test variables included boiler load (i.e., the quantity of flue gas 

passing through the JBR) and JBR pressure drop. The nine Low-Particulate tests were all 

conducted at a scrubber slurry pH of 4.5; the first four High-Particulate tests were conducted at 

the same pH, but, because of low limestone utilization caused by alummum fluoride blinding, the 

scrubber was operated at lower pH levels during the remaining tests. 

The ESP and scrubber operating conditions and the average measured PM loading results (in 

lb&lMBtu) are summarized in Table 3-2. The complete results are tabulated in Appendix A. As 

shown, the stack gas PM loading was always below the Plant Yates permit limit of 0.24 

lb/MMBtu during both test periods. Except when operating with the ESP fully de-energized, the 

combined ESP and JBR were also able to achieve PM loadings lower than the federal New 

Source Performance Standard (NSPS) of 0.03 Ib/MMBtu. 

During the Low-Particulate tests, the JBR inlet gas loadings showed a general decrease as the 

load decreased, consistent with the fact that ESPs are typically more efficient at lower gas flow 

rates, all other factors being equal. The particulate removal efficiency across the JBR was about 

90% for all of the tests conducted at 75 and 100 MWe and for the 50 MWe test conducted at a 

pressure drop of 8 in. WC. Lower apparent removals were obtained for the remaining Period 1 

tests at 50 MWe, but this was due to decreases in the JBR inlet gas loading, and not to increases 

in the stack gas loading. 
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TABLE 3-2 
PARTICULATE LOADING IN JBR INLET AND STACK GAS 

Test No. 

JBR Inlet Stack Gas 
Unit Approximate JBR PM Loading, PM Loading, 

Load, MWe ESP Elf., % AP, in. WC Ib/MMBtu IbhIMBtu ‘.D 

II Low-Particulate Parametric Tests I 

II F-1-l I 100 I 99 I 8 I 0.081 I 0.009 II 
II Pl-2 I 100 I 99 I 12 I 0.085 I 0.011 II I/ Pl-3 Pl-4 100 7s 99 99 16 8 0.114 0.095 0.010 0.010 

II PI-5 PI-6 15 75 99 99 16 12 0.042 0.072 0.008 0.006 I 

II PI-7 Pl-8 50 50 99 99 12 8 0.087 0.023 0.006 0.008 I 

II Pl-9 I 50 I 99 I 16 1 0.019 I 0.006 II 
II High-Particulate Parametric Tests 

/I P2-1 P2-2 50 50 95 95 16 10 0.196 0.168 0.013 0.011 I 

11 P2-3 1 100 I 95 I 10 I 0.434 I 0.017 II 
II p2-4~ I-~ 100 I 95 I 16 I 0.525 I 0.010 II 
II P2-5 I 100 I 90 I 1.5 1 0.819 I 0.015 II 
11 P2-6 1 100 I 0 I 10 I 5.778 I 0.049 II 

Notes: 

’ Federal NSPS is 0.03 IbMMBtu for units for which consbuction began after 9/18/78. 

b Plant Yates’ permit liiit is 0.24 Ib/MhGW as an existing unit. 
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For the High-Particulate tests, the average stack gas PM loading obtained for the moderate inlet 

loading associated with the first five tests was about 0.013 lb/MMBtu, which was comparable to 

the loading in the Low-Particulate tests. For the high inlet mass loadings associated with the 

tests when the ESP was fully de-energized, the average outlet PM loading was higher, at about 

0.049 lb/MMBtu. 

Particle size distribution measurements were made at both the scrubber inlet and outlet sampling 

locations. Details are presented in SRI’s test reports. (‘*) Figures showing the cumulative percent 

versus particle diameter measurements from those reports are reproduced in Appendix B. These 

,measurements showed that the scrubber was more efficient at removing the larger particles. 

Over 99.99 wt. % of the particulate larger than 10 pm was removed during both Low- and High- 

Particulate tests. The removal of particulates between 1 and 10 pm varied from 97.3% to 99.6% 

during the High-Particulate tests, which was slightly higher than that observed during the Low- 

Particulate Parametric test block. The removal efficiency for sub-micrometer particulates ranged 

between 69% and 85% during the High-Particulate Parametric tests. 

3.1.1.3 Sulfur Trioxide 

SO, concentrations in the JBR inlet gas and stack gas were measured by SRI three to four times 

during each of the first nine parametric tests of both the Low- and High-Particulate test periods. 

The individual measurements are provided in Appendix A, and mean values are shown in Table 

3-3. Low concentrations of SO, were found in both streams (approximately l-4 ppmv, corrected 

to 3% 0,). 

During the Low-Particulate tests apparent SO, removal efficiencies between 25-35% were 

measured, except at the 75 MWe boiler load condition. The reasons for no apparent reduction in 

SO, concentration at this condition are not known but may be due to errors associated with 

representative sample collection. 
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TABLE 3-3 
AVERAGE SO, CONCENTRATION IN JElR INLET AND STACK GAS 

Unit ESP JRR JJ3R Inlet Stack Gas Removal, 
Test No. Load, MWe Effkieocy, % pH AP, in. WC SO,, ppmv’ SO,, ppmv’ %b 

Low-Particulate Parametric Tests 

PI-1 100 99 4.5 8 3.1 2.7 27.0 

Pl-2 1 100 99 1 4.5 I 12 3.4 2.7 20.6 

Pl-3 100 99 4.5 16 3.3 2.3 30.3 

Pl-4 1 75 99 1 4.5 I 8 2.5 2.6 -4.0 

Pl-5 75 99 4.5 12 2.9 3.4 -17.4 

Pl-6 75 99 4.5 16 2.8 3.0 -7.1 

Pl-7 SO 99 4.5 8 1.9 1.7 10.5 

II PI-8 I 50 I 99 I 4.5 I 12 1 2.3 t 1.5 I 34.8 II 
PI-9 50 99 4.5 16 i.8 2.4 36.8 

High-Particulate Parametric Tests I 

F2-1 50 95 4.5 10 1.6 2.7 -67 

P2-2 1 50 95 I 4.5 I 16 1.4 2.2 -57 

P2-3 100 95 4.5 10 1.9 3.0 -53 

P2-4 100 95 4.5 16 1.7 1.0 40 

P2-5 100 90 4.0 16 1.5 1.3 14 

11 P2-6 / 100 / 0 / 3.5 / 1 1 I 10 1.4 0.6 61 I 

P2-7 100 0 3.5 16 0.9 CO.3 >70 P2-8 1 50 0 1 3.5 I 10 1.5 CO.2 >87 I 

0.4 70 

’ All values normalized to 3% 0,. 

b % Removal = JElR Inlet-Stack Gas/JBR Inlet x 100%. 

3-28 



During the High-Particulate tests apparent SO, removal efficiencies from 60 to over 87% were 

observed when the ESP was de-energized. The measured SO, concentration actually increased 

across the scrubber during the tests when the ESP was partially energized. Again, the reasons for 

this are not known, but could be due to errors associated with representative sample collection, 

3.1.1.4 Water Vauor 

Water vapor concentrations in the JBR inlet gas and stack gas were measured during each of the 

first nine parametric tests for each of the two test periods. The average results for each test are 

s-arized in Table 3-4, together with predicted stack gas concentrations based on the 

assumption that the stream was saturated at the measured temperature and pressure. As 

expected, the water vapor content of the stack gas was typically at or above the predicted 

saturation point. 

3.1.2 Comuliance Monitoring 

As part of the EMP, the opacity of the flue gas inlet to the JBR was monitored using a 

continuous opacity meter. Georgia Power Company provides quarterly reports to the Georgia 

Department of Natural Resources detailing the daily excess opacity emissions. Copies of these 

reports have been attached as appendices to the quarterly EMP progress reports. A summary of 

the daily excess opacity emissions measured during the Low-Particulate test period is provided in 

Table 3-5. The applicable emission limit for this source is 40% opacity during any six-minute 

monitoring period. The table shows the number of minutes during which this limit was exceeded 

as well as the total number of minutes of operating time for each quarter. The fraction of time 

the opacity limit was exceeded during the Low-Particulate test period was very small (i.e., 0.42% 

of the total operating time). The majority of the excess emissions occurred during boiler startup 

or shutdown periods. 

Because the opacity meter for Unit 1 was located upstream of the JBR, the opacity measured by 

this meter usually exceeded the 40% limit during the High-Particulate tests. Since these 
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TABLE 3-4 
AVERAGE WATER VAF’OR CONCENTRATION Ih’ JEiR INLET AND STACK GAS 
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TABLE 3-5 
JBR INLET GAS EXCESS OPACITY EMISSIONS 

SUMMARY: LOW-PARTICULATE TEST PERIOD 4b 
1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 1st Quarter 

1993 1993 1993 1993 1994 

ta1 operating time 100,421 

uration of excess opacity emissions due to: 

76,497 112,305 86,603 109,380 

Startup/shutdown 156 840 174 210 570 

Control equipment problems 0 0 0 0 0 

Process problems 0 30 0 0 6 Other known causes 0 0 0 0 72 I 

otal duration of excess 

‘All times in minutes 

‘A variance was obtained for tbe High-Particulate test period; opacity was not monitored during this period. 

Source: Quarterly Air Emission Reports prepared by Georgia Power for Georgia DNR. 
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measurements were not representative of the opacity of the flue gas stream at the point of 

discharge, Georgia Power obtained a variance to the plant’s air permit for the duration of High- 

Particulate testing that exempted the plant from reporting excess opacities from Unit 1. EPA 

Method 9 visual opacity readings of the flue gas from the CT-121 unit’s stack were conducted 

during the early portion of the High-Particulate Parametric testing with the ESP completely de- 

energized. The readings obtained during these tests were typically in the range from 5 to 10% 

opacity. No additional opacity monitoring was conducted during the High-Particulate test 

period. 

3.2 Aaueous Stream Monitoring Results 

Aqueous stream monitoring results for the two scrubber test periods are summarized in the 

paragraphs below. Tables containing the complete set of results for all EMP parameters are 

provided in Appendix A. 

Table 3-6 shows the actual and planned monitoring frequencies for each of the aqueous stream 

parameters. As shown, the majority of the monitoring specified in the EMP was performed as 

planned. The few exceptions to this statement have already been discussed in Section 2. 

3.2.1 Suuulemental Monitoring, 

Aqueous CT-121 scrubber process streams monitored as part of the scrubber demonstration 

project’s EMP included limestone shmy, makeup water, gypsum stack return, JBR froth zone, 

and JBR draw-off. Results for each stream are discussed below. 

3.2.1.1 Limestone Sluny 

Limestone from three different sources was used during portions of the CT-121 scrubber 

demonstration project. The initial “program limestone” from Martin Marietta Aggregates 
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TABLE 3-6 
AQUEOUS PROCESS STREAMS: ACTUAL AND PLANNED MONITOIUNG” 

II -. # 

Parameter 
Liquid Phase 
PH 
Total Suspended 
Snlid. 

Ash rina1 
Transport Water Plant Discharge JRR Froth Zone JRR Draw-Off 

Period 1 1 Period 2 Period 1 1 Period 2 Period 1 1 Period 2 Period 1 1 Period 2 

29128' 1 21120 56154 1 40140 56154 1 41140 
29128 21120 

II Oil & Grease I 29128 I 21/20 1 -II 
Chloride 56154 40140 
Sulfite 55154 40140 
Sulfate 56154 40/40 
Carbonate 55154 39140 
Trace Elements 416 919 

Carbonate 
Trace Elements 
TC1.P 

1 49154 5140 ,o,,‘l , 41,‘+" 
I 816 1 919 

I I l/lb I O/l _. u 

1 Limestone Z hTy 1 Gypsum Stack Re Makeup Water 
Period 1 I Period 2 1 Period 1 I Period2 1 Period 1 I Period 2 Parameter 

Liauid Phase 

Pn I I I ,,,,‘I I ,Y1‘+” I ,/,‘I I 4/Y 
Total Susuended Solids I I 
Oil & Grease I 
Chloride 57154 41140 5114 919 
Sultite I I I I I 2114 I s/9 
Sulfate 57154 41140 5/14 919 
Carbonate 56154 41140 l/l4 419 
Trace Elements 416 719 

I1 snw Ph.re I 
L”..” 1 ..I_ 

Solids Content 55/54 38140 
lmt Content 55154 41/40 
Calcium 55154 41140 
Marmesium 55154 41140 

'29/28=29actuaV28 planned. 
b A sample was obtained for TCLP analysis, but maximum allowable holding time was exceeded. 
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(MMA) was used during the Low-Particulate Parametric and Long-Term tests, and the High 

Removal tests. Limestone from Dravo Lime’s Saginaw, Alabama, quarry was used during the 

Low-Particulate Alternate Limestone and Alternate Coal tests, and, based on the favorable 

gypsum characteristics obtained, it was subsequently used during the majority of the High- 

Particulate test blocks. A thiid limestone, from Florida Rock’s Rome, Georgia, quarry, was used 

during the High-Particulate Alternate Limestone test period. 

The solids content of the limestone shmy during all test periods is plotted against the sample 

date in Figure 3-28. The mean slurry solids content during the Low-Particulate test period was 

30% by weight. The variability as measured by the coefficient of variation (COV-defined as the 

sample standard deviation divided by the sample mean) was 12 percent. During the High- 

Particulate tests, the mean slurry solids content was slightly less at 28.7 wt. %, with a COV of 7 

percent. 

The limestone composition over time is shown in Figure 3-29. As shown, the composition for 

each limestone was relatively constant. Table 3-7 shows the mean and standard deviation for 

each constituent for each of the three limestones used. All three limestones consisted primarily 

of calcium carbonate with a small amount of magnesium carbonate and inert material. Both of 

the alternate limestones contained slightly more magnesium carbonate than the MMA limestone. 

The inerts content of the Florida Rock limestone was about twice that of the MMA limestone, 

whereas the Dravo Lime limestone contained roughly half the inerts of the MMA limestone. 

3.2.1.2 Makeun water 

The makeup water monitoring results obtained during both scrubber testing periods are given in 

Table 3-8. The results are consistent with the fact that the majority of the scrubber makeup water 

was taken from Plant Yates’ ash pond. 
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TABLE 3-7 
SUMMARY OF LIMESTONE COMPOSITION: LOW- AND 

HIGH-PARTICULATE TESTING PERIODS 
Initial Limestone 1st Alternate 2nd Alternate 

Parameter 
Calcium 
Magnesium 
Carbonate 
hem 

(Martin Marietta) (Draw Lime) 
Meall Std. Dev. Meail Std. Dev. 
38.2 1.0 37.8 1.1 
0.1 0.1 0.5 0.1 

57.9 1.8 59.6 1.0 
1.9 0.7 0.8 0.3 

(Florida Rock) 
Meall Std. Dev. 
36.4 0.2 
0.5 0.0 

57.4 0.7 
3.9 0.4 

TABLE 3-8 
MAK!ZUF’ WATER ANALYSES 

06-h-93 
09-Aug-93 
04-act-93 
IO-Jan-94 

, I 
Low-Particulate Tests 

6.75 0.8 46 42 
6.08 36 0.8 152 22 
- - 67 35 

7.36 13 37 

II ~- -~-~ 14-Feb-94 - 110 138 
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3.2.1.3 Gvusum Stack Return 

The composition of the gypsum stack return liquor is plotted against time in Figure 3-30. The 

chloride concentration showed considerable variation as the amount of water in the scrubber 

system fluctuated over time and as coals with different chlorine contents were burned. The 

sulfate concentration was relatively constant, at around 1,000 mg/L. The results observed were 

consistent with a typical scrubber system operating with a relatively tightly closed water balance. 

Aqueous phase trace element concentrations in the gypsum stack return liquor are provided in 

Appendix A, Table A-8. 

3.2.1.4 JBR Froth Zone 

The JBR froth zone slurry solids content is shown in Figure 3-3 1. The mean solids content 

during the Low-Particulate tests was nearly 21 wt. %, with a coefficient of variation of 14 

percent. During the High-Particulate tests, the mean solids content was 17 wt. %, with a 

coefficient of variation of 19 percent. The solids set-point chosen for the High-Particulate 

Alternate Coal and Alternate Limestone test periods was the reason for the lower mean value 

during the High-Particulate test period. 

The composition of the JBR froth zone liquor, shown in Figure 3-32, exhibited the same trends 

as the gypsum stack return stream, i.e., relatively wide fluctuations in chloride content and steady 

sulfate concentrations. 

The JBR froth zone solids consisted primarily of calcium sulfate, based on the relative concentra- 

tions of calcium and sulfate ions and typically low measured sulfite concentrations. The results 

are presented graphically in Figure 3-33. The data show that the absorbed sulfur dioxide was 

usually completely converted from sultite to sulfate in the JBR. A small amount of carbonate 

was also typically present, due to unconverted limestone. Because of the similarities in the 
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composition of the JBR froth zone and draw-off solids, the decision was made early in the High- 

Particulate test period to discontinue analysis of the JBR froth zone solids. 

Measured trace element concentrations in the JBR froth zone liquor are provided in the Appendix 

A, Table A-l 1.~ 

3.2.1.5 JBR Draw-Off 

As shown in Figure 3-34, the solids content of the JBR draw-off slurry was comparable to that 

measured in the JBR froth zone stream. The mean solids content was 21 .O wt. % during the 

Low-Particulate tests and 18.8 wt. % during the High-Particulate tests; coefficients of variation 

were 12% and 18.6%, respectively. As with the JBR froth zone stream, the solids content set- 

point during High-Particulate Alternate Coal and Alternate Limestone test blocks was the biggest 

contributor to the lower mean solids content during this period. 

As mentioned above, the composition of the JBR draw-off solids was very consistent with the 

composition measured in the JBR froth zone draw-off solids; the JBR draw-off solids composi- 

tion data from both test periods are shown in Figure 3-35. The solids consisted primarily of 

calcium sulfate, with a small amount of unconverted carbonate; the sulfite concentration was 

typically very low. The JBR draw-off solids were also analyzed periodically for trace elements; 

the results are presented in Appendix A, Table A- 13. 

3.2.2 ComDliance Monitoring 

Compliance monitoring of ash transport water and f& plant discharge was performed during 

both scrubber testing periods. The results presented here were compiled from quarterly compli- 

ance reports submitted by Georgia Power Company to the Environmental Protection Division of 

the Georgia Department of Natural Resources. Copies of these compliance reports were included 

as appendices to each of the quarterly EMP progress reports submitted to DOE as part of this 

project. 
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Table 3-9 summarizes the results obtained during each testing period; means, standard devia- 

tions, numbers of data points, and ranges are shown for each monitored parameter, together with 

the corresponding NPDES permit limits. There were no exceedances of the piant’s NPDES 

permit limits for these streams during either testing period. 

TABLE 3-9 
AQUEOUS STREAMS: COMPLIANCE MONITORING RESULTS 

11 TSS (mg/z) II 
Low-Particulate Test Period 

High-Particulate Test Period 

Oil & Grease (mgiL) 

Low-Particulate Test Period 

High-Particulate Test Period 

1.8 0.8 29 J-4 30 Ave./100 Max. 

2.2 2.2 21 o- 10 30 Ave./100 Max. 

4 0 29 o-c5 15 Ave./20 Max. 

0 0 21 o-o 15 Ave./20 Max. 

Final Plant Disebaree 

3.3 Solid Stream Monitorine. Results 

Monitoring of the coal feed to the Unit 1 boiler was included in the EMP to provide data on 

composition changes that could affect the interpretation of the other monitoring results. Table 

3-10 shows the actual and planned monitoring frequencies for the coal analyses that were 

performed as part of the EMP. Monitoring was performed substantially as planned during both 

testing periods. Detailed tables of coal proximate, ultimate, and trace element analyses are 

provided in Appendix A. 

A statistical summary of the daily coal analyses from both Low- and High-Particulate test 

periods is provided in Table 3-11. Figure 3-36 presents these results graphically on an as-burned 
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TABLE 3-10 
SOLID STREAMS: ACTUAL AND PLANNED MONITORING a SOLID STREAMS: ACTUAL AND PLANNED MONITORING a 

Coal Feed 

Low-Particulate High-Particulate 
Parameter Test Period Test Period 

Proximate Analysis, Sulfix, and HHV 3031303 1851183 

Ultimate Analysis, Chlorine and Fluorine 613 512 

Trace Elements 213 512 

a 3031303 = 303 actuaV303 planned. 

TABLE 3-11 
STATISTICAL SUMMARY OF DAILY COAL ANALYSES 

a Includes Alternate Limestone and High Removal tests 

All parameters are reported on an as-burned basis 
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TABLE 3-l 1 (CONTINUED) 

All parameters are deported on an as-burned basis 
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1 Low-Particulate Parametric Tests 
2 Low-Particulate Long-Term Tests 
3 Low-Particulate Auxilim Tests 
4 Low-Particulate Alternate Coal Tests 
5 High-Particulate Parametric Tests 

6 High-Particulate Long-Term Tests 
7 High-Particulate High Removal Tests 
8 High-Particulate Alternate Coal Tests 
9 Period 2 Alternate Limestone Tests 

Figure 3-36. Results of Average Coal Proximate Analyses for All Test Blocks 
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basis. As can be seen, the variation in sulfnr, moisture, and ash content accounted for the major 

differences in coal composition. The SO, concentration in the flue gas inlet to the JE3R was 

directly proportional to the coal suifur content, as shown in Figure 3-37, where average SO, 

concentrations are plotted against average coal sulfur content for each of the Low- and High- 

Particulate test blocks. 

3.4 Groundwater Monitoring Results 

Groundwater Tom monitoring wells located near the perimeter of the gypsum stacking area was 

‘monitored once every two months from September 1990 through July 199 1, once in September 

1992 (following a delay in the initiation of Low-Particulate testing), and quarterly beginning in 

the fourth quarter of 1992. Monitoring continued for two years following the completion of the 

CT-121 demonstration (i.e., through the fourth quarter of 1996). Tables containing the complete 

set of data from the groundwater monitoring through the third quarter of 1996 are provided in 

Appendix C. 

The Shewhart control chart method was used to help determine whether the material in the 

gypsum stacking area is having an impact on groundwater quality(5). The monitoring data from 

the period prior to the initiation of the scrubber demonstration (i.e., the preoperational period) 

were used to determine mean values and ranges for a selected set of representative monitoring 

parameters. The representative parameters were those present in appreciable concentrations in 

the JBR draw-off sluny, including the major cations and anions (i.e., calcium, magnesium, 

chloride, sulfate, sodium, silicon, barium, and nitrate/nitrite), as well as several other indicator 

parameters including pH, total dissolved solids, specific conductance, and alkalinity. 

When the value for any given groundwater monitoring parameter was found to be consistently 

outside the control chart confidence intervals, it was assumed that a significant change had 

occurred in the value for that parameter. A single exceedance for a given monitored parameter 

served as an indicator of possible change, and particular attention was paid to the value obtained 

during the next quarter’s monitoring for that parameter. To minimize the probability of falsely 
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Figure 3-37. Effect of Coal Sulfur Content on JEIR Inlet Gas SO, Concentration 
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inferring that a change in groundwater composition had occurred, 3-sigma confidence intervals 

around the mean were computed. 

A complete set of control charts for each of the 12 selected parameters for each of groundwater 

monitoring wells is provided in Appendix D. Example control charts for key species are 

provided in Figures 3-38 through 3-40. Data are presented for the upgradient well, GWA-1, and 

two downgradient wells, GWC-2 and GWC-4. The locations of these and other groundwater 

monitoring wells were shown previously in Figure 2-l. 

Based on an inspection of the control charts, the concentrations of chloride, magnesium, and 

calcium in the water from downgradient well GWC-4 have shown significant increases over the 

concentrations of these species measured during the preoperational period. A generally upward 

trend in the concentrations of these gypsum constituents was first noticed in the fourth quarter of 

1993. There have been no significant increases in the levels of these species in either the 

upgradient well or the other downgradient wells. 

The source(s) of the higher levels of gypsum constituents in well GWC-4 is (are) not clearly 

apparent. However, there are several potential sources, and three of the more plausible are 

briefly described below: 

. A breach of the die surrounding the gypsum pond occurred on July 24,1993. 
The breach happened in the vicinity of well GWC-4. Since the increase in the 
levels of chloride, magnesium, and calcium in GWC-4 was first noticed in the 
fourth quarter of 1993, it seemed likely that the increase was the result of the dike 
breach. The validity of this assumption appeared to be reinforced in the tirst 
quarter of 1995, when the levels of the three species declined in GWC-4. Such a 
decline would be expected as the amount of spilled material remaining in the soil 
diminished due to gradual downward migration in the soil. However, no further 
decrease in the GWC-4 concentrations occurred over the following three quarters 
of 1995. In fact, further increases in the levels of chloride, magnesium, and 
calcium were noted in the first and second quarters of 1996; the concentrations 
measured during the third quarter of 1996 were similar to those from the second 
quarter. Although this behavior could still be due to the 1993 breach (e.g., due to 
changes in rainfall patterns and/or acidity of the rain could cause higher migration 
rates and/or increased leaching of the soil), other factors could be contributing to 
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or causing higher levels of gypsum constituents in the groundwater in the vicinity 
of GWC-4. 

. The groundwater sampling team has noticed that there appear to have been 
periodic leaks from a slurry pump and associated valves and fittings that are in 
close proximity (i.e., within 30-40 feet) to GWC-4. Slurry has periodically leaked 
onto the ground and flowed across the soil surface to form small pools within lo- 
15 feet of GWC-4. This material could be the source of at least some of the 
increased levels of chloride, magnesium, and calcium observed during the first 
three quarters of 1996. 

. The possibility that the increased levels of the gypsum slurry constituents in 
GWC-4 could be caused by a leak in the liner under the gypsum stacking area 
cannot be discounted. There is no indication of leakage in the monitoring results 
from the other wells, but this does not preclude the presence of a liner leak at a 
location immediately upgradient from GWC-4. 

At this time, it is not possible to determine which, if any, of the possible causes described above 

is contributing the bulk of the chloride, etc., being seen in GWC-4. Some clarification may be 

forthcoming as more results of the continuing groundwater monitoring activities become 

available. 

3.5 Qualitv AssuranceiOuahtv Control 

The environmental monitoring plan for the CT-121 demonstration project at Plant Yates included 

a quality assurance/quality control plan. That plan described procedures for producing data of 

acceptable quality, including: 

. Adherence to accepted sampling and analytical methods; 

. Adequate documentation and sample custody procedures; and 

. Quality assurance measures. 

This section presents the results from each of these QAJQC procedures that were performed 

during either Low- or High-Particulate test periods. 
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3.5.1 Adherence to Accented Methods 

The sampling and analytical methods specified in the EMP were summarized in Section 2 of this 

report, As noted, the specified procedures were used with only a few exceptions; the alternate 

methods were used because they offered advantages such as improved detection limits or longer 

sample holding times. 

Compliance with analytical method protocols by personnel conducting groundwater sampling 

and by the on-site laboratory personnel was assessed as part of technical systems audits con- 

ducted by Radian Corporation personnel during the 1st quarter of 1993 and 2nd quarter of 1994. 

Complete reports of both audits were included as appendices to quarterly Eh@ progress reports. 

The 1993 audit found no deficiencies in the groundwater monitoring; sample collection and 

documentation procedures specified in the Groundwater Monitoring Test Plan had been 

effectively implemented. Procedures and quality control practices had also been implemented in 

the on-site laboratory but several recommendations were made, including consistent use of these 

procedures and additional personnel training. There were no format recommendations requiring 

responses. 

The purpose of the 1994 audit was to assess compliance of the project’s on-site laboratory with 

quality control procedures and practices that had been established and implemented for the 

project. The auditing personnel observed the collection and analysis,of scrubber process 

samples. All of the QC procedures established for the laboratory had been implemented and 

were being complied with, and an appropriate level of quality control was practiced. No major 

problems were observed, and no formal recommendations requiring responses were made. 

3.5.2 Documentation and Samule Custody 

For compliance monitoring, the documentation and custody procedures that are part of the state- 

approved compliance monitoring programs for Plant Yates were followed during EMP activities. 
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Procedures for documentation and sample custody for supplemental monitoring were reviewed 

as part of the 1993 technical systems audit, as discussed above. No major problems were found; 

some minor recommendations were made of improvements to log book formats. 

Documentation for instrument calibration checks and related maintenance activities were 

recorded in five log books that were maintained on site at Plant Yates: 

1. CEM flow rates and gas concentrations; 

2. pH instrument calibrations; 

3. AP cells; 

4. Density measurements; and 

5. Flow meters. 

3.5.3 Oualitv Assessment Measures 

Quality assessment measures performed as part of the EMP for the CT-121 demonstration 

project included 1) duplicate tests; 2) comparison of SO, measurements by the CEMs and EPA 

Method 6; 3) duplicate groundwater samples and duplicate analyses; and 4) analysis of 

groundwater sample splits by two independent laboratories. The results obtained from each of 

these measures are s-arized below. 

3.5.3.1 Duulicate Tests 

A measure of the reproducibility of the SO, removal test results was obtained by performing 

duplicate tests. Key operating parameters such as unit load and scrubber operating conditions 

(i.e., JBR pressure drop and slurry pH) were duplicated to the extent possible for these tests. 

Because of differences in the JBR inlet gas SO, concentrations caused by variations in coal sulfur 

content, the SO, removal efficiency data for a given set of tests were normalized to a common 

inlet SO, concentration using the scrubber performance model. This model was developed by 
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regressing the parametric data obtained during the demonstration project, so that direct compari- 

sons of performance could be made. The results shown in Table 3-12 are from tests conducted 

during both test periods, and show good agreement between duplicate tests for ah but a few of 

the High-Particulate Parametric tests. The High-Particulate tests were conducted with the ESP 

partially de-energized, which resulted in progressive increases in JBR fouling over time due to 

the presence of excess fly ash solids. The impact of this progressive fouling on SOr removal can 

be clearly seen where extended period of time elapsed between duplicate tests, such as tests P2-6 

and P2-31, and P2-12 and P2-26. 

3.5.3.2 Q Measurements bv CEMs and EPA Method 6 

A measure of the accuracy of the SO, measurements obtained using the CEMs was provided 

during the fust nine Low-Particulate Parametric tests when SO, concentrations in the flue gas 

inlet to the JBR and the stack gas were also measured using EPA Method 6. The average CEM 

and Method 6 results for each of these tests are shown in Table 3-13. The average percent 

difference in SO, concentration measured by the JBR inlet duct instrument and by Method 6 was 

3.8 percent. The average percent difference between the stack concentrations measured by the 

CEM and those measured by Method 6 was 4.9 percent. At both locations, the CEM concentra- 

tion measurements were lower than the levels measured by Method 6. Based on these results, the 

quality of the SO, concentration data obtained by the CEMs was judged to be adequate for the 

purposes of this project. 

, 
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TABLE 3-12 
REPLICATE TEST RESULTS: LOW- AND HIGH-PARTICULATE TEST PERIODS 

’ %RPD = Relative Percent Difference = LWZ~ Value - Smab Vak 1 
[Larger Value + Smaller Value)2 

b SO, removal efficiencies normalized to 2200 ppmv @ 3% 0, in the flue ias inlet to the JBR. 

’ SO,‘removal efficiencies normabed to 1000 ppmv @ 3% 0, in the the gas inlet to the JBR. 

b SO, removal efficiencies normalied to 3000 ppmv @ 3% 0, in the flue gas inlet to the JBR. 
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TABLE 3-13 
COMPARISON OF AVERAGE SO, MEASUREMENTS BY CEM AND METHOD 6 

CEM 1 Metha 

Pl-8 2323 2444 -5.0 95 106 -10.4 
PI-9 2355 242 1 -2.7 46 45 2.2 

Average Difference -3.8 Average Difference -4.9 

Units: ppmv @ 3% 0,. 

’ % Difference = (CEM - Method 6)hfethod 6 x 100 percent. 

3.5.3.3 Groundwater Samule and Analvtical Dunlicates 

An assessment of the quality of the groundwater monitoring data was made using duplicate 

samples and duplicate analyses. The complete results of these replicate analyses were included 

in the quarterly groundwater monitoring reports. An overall summary for the groundwater 

monitoring performed from the first-quarter 1993 through the third-quarter 1996 is provided in 

Appendix E for those analytical parameters that were present above detection limits. In general, 

acceptable accuracy was obtained for most parameters. When larger differences were observed 

between sample or analytical replicates, the parameters were typically present at concentrations 

less than five times the detection limit, where less accurate results can be expected, or the 

parameters were detected in the method blank. 

Specifically, the difference between sample duplicates was less than 20% for nearly three 

quarters of the duplicate analyses performed. Of those duplicate analyses where the difference 

was greater than 20%, roughly two-thirds occurred when the parameter concentrations were less 

than five times the detection limit in both the sample and the field duplicate. Of the duplicate 

analyses performed on the field duplicate samples, there were only three instances where the 
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relative percent difference exceeded the specified limit; in these cases the analytical parameters 

(TOX and TDS) were present at concentrations less than five times the method detection limit, 

3.5.3.4 Groundwater Analvses bv Indeoendent Laboratories 

During each groundwater monitoring campaign, sample splits are provided for analysis by both 

Radian and Savannah Laboratories, an independent laboratory selected by SCS. The results for 

all groundwater monitoring campaigns through the fourth quarter of 1996 were compared by 

computing the relative percent differences (RPDs) for species that were analyzed by both 

laboratories. Overall statistics based on these comparisons are provided in Table 3-14. Note that 

RPDs were not calculated for those species not measured above method detection limits by either 

laboratory. The mean RPDs were less than 20% for four of the seven detected analytes, which 

corresponds to the goal of Radian’s laboratory for duplicate sample analyses. A higher average 

RPD was found for sulfate, nitrate-nitrite, and total dissolved solids. In the majority of cases, the 

calculated RPDs were less than 20% for all detected parameters. The average RPDs were over 

20% for sulfate, nitrate-nitrite, and TDS because of a relatively small number of data points 

where the calculated RPDs were large. These parameters were typically present at low 

concentrations, where analytical accuracy can be expected to be lower, and where small absolute 

differences can translate into large percentage differences. Based on these results, the 

groundwater monitoring data should be of sufficient quality to meet the purposes of the project. 

3.6 Comoliance Reuortinq 

During the CT-121 demonstration project’s two testing periods, compliance reports were 

submitted by Georgia Power Company to the Environmental Protection Division of the Georgia 

Department of Natural Resources (DNR), in accordance with the requirements of Plant Yates’ 

Source 1 (Comprising Units 1-3) air operating permit (No. 4911-038-4838-O), as amended; and 

of Plant Yates’ NPDES permit (Permit No. GAOO01473). The air operating permit was amended 

effective December 28, 1990 to account for the CT-121 system. In addition, as part of the 

conditions of the DNR-issued permit for the gypsum stacking area, monitoring of the ground- 

water is required before, during, and for two years after the demonstration. 
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TABLE 3-14 
COMPARISON OF GROUNDWATER MONITORING 

BY INDEPENDENT LABORATORIES 

’ Relative Percent Difference (RPD) is defmed as follows: 

RF’D = (Larger Value - Smaller Value) x 100% 
(Larger Value + Smaller Value)/2 

’ Additional parameters not measured above detection hits by either Laboratory included fluoride, arsenic, boron, 
chromium, lead, mercury, selenium, uranium, and TOC. 

3-60 



Copies of the compliance reports have been included as appendices to the quarterly and annual 

EMP reports for this project. 

3.6.1 S-arv of Ouarterlv Air Emission Reoorts 

Plant Yates’ air operating permit requires weekly monitoring of coal feed composition (i.e., 

sulfur, ash, moisture, and heating value), annual particulate matter emissions (as total particulate 

loading), and continuous monitoring of the opacity of the flue gas inlet to the JBR. A summary 

of the opacity exceedance data for the Low-Particulate testing period was presented earlier in this 

section. As mentioned previously, a variance to the opacity monitoring requirement was 

obtained for the duration of the High-Particulate testing period. 

In addition, semiannual progress reports on the CT-121 project were submitted as required under 

the amended air operating permit. These reports discussed project activities and plans and 

contained a table of SO, removal efficiency data; all of the information contained in the 

semiannual reports has been incorporated into this EMP Final Report. 

3.6.2 S-arv of Ouarterlv Ooerational Monitoring Reuorts 

Plant Yates’ NPDES permit requires that the pH and concentrations of suspended solids and oil 

and grease be monitored twice a month for various aqueous discharge streams. Groundwater is 

monitored quarterly for anions, TOC, and metals; and semiannually for radionuclides. A 

summary of the data from the operational monitoring reports for those discharge streams that 

could have been affected by the CT-121 demonstration project was presented earlier in this 

section. 
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4.0 CONCLUSIONS 

With the few exceptions discussed earlier in this volume, environmental monitoring was 

performed as described in the CT-121 demonstration project’s Environmental Monitoring Plan. 

The following conclusions can be drawn from this project’s environmental monitoring results: 

. The CT- 12 1 demonstration scrubber was capable of removing well over 90% of 
the flue gas SO, during parametric tests conducted using the 2.5% sulfur baseline 
coal. SO, removal efficiency was found to increase with increasing scrubber 
shmy pH and JBR deck pressure drop and to decrease with increasing boiler load 
and scrubber inlet flue gas SO, concentration. Progressive reductions in SO, 
removal efficiency were also observed as a result of JBR fouling over time. 
Scrubber modifications helped alleviate fouling-related changes in removal 
efficiency. 

. The average SO2 removal efficiency achieved during the Low-Particulate Long- 
Term load-following tests was nearly 94%, although it was necessary to operate at 
somewhat higher pH and pressure drop than originally expected. During the 
High-Particulate Long-Term test block, the average SO2 removal efficiency was 
over 93%, partly due to abnormally low average boiler load demand. As ex- 
pected, the impact of scrubber fouling due to high ash loading was also more 
pronounced during this test block. In addition, the scrubber pH set point had to be 
lowered to minimize the impact of alummum fluoride blinding on limestone 
dissolution. 

. SO, removal efficiencies greater than 97% were achievable during both Low- and 
High-Particulate tests by operating the scrubber at very high pH and JBR deck 
pressure drop set points. 

. Similar SO, removal efficiencies were obtained during tests conducted with 
limestone from three different sources. Much greater variation in gypsum 
dewatering properties was found among the limestones used. This was an 
important factor leading to a change in the main program limestone following the 
Low-Particulate Alternate Limestone test block. 

. Even when a 4.3% sulfur coal was used (well above the scrubber design value of 
3.0% sulfur), the CT-121 scrubber achieved over 90% SO, removal efficiencies at 
most test conditions during Low- and High-Particulate operation. As expected, 
the SO, removal efficiency achieved at a given set of operating conditions was 
lower while burning the 4.3% sulfur than while burning the 2.5% sulfur baseline 
coal. 
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. The particulate matter loading in the JBR outlet gas was always well below the 
Plant Yates permit limit of 0.24 Ib/MMBtu, even during High-Particulate tests. 
Except when operating with the ESP fully de-energized, the combined ESP/JBR 
was able to achieve particulate matter loadings below the 0.03 IbMMBm level 
specified in the federal New Source Performance Standard. 

. The scrubber was found to be relatively ineffrcient in removing particles with an 
aerodynamic diameter smaller than 1 micrometer. The particle size distribution 
measured in the JBR outlet gas was relatively insensitive to changes in boiler load 
at a given JBR pressure drop. 

. Sulfur trioxide (SO,) concentrations in the JBR inlet and outlet gas streams were 
typically in the range from 1 to 4 ppmv (@ 3% 0,). There was little or no change 
in SO, concentration across the JBR except during the High-Particulate tests when 
the ESP was completely de-energized, when apparent SO, removals of 70% or 
greater were achieved. 

. As expected, the JBR outlet gas was typically saturated with water vapor. 

. The average limestone slurry solids concentrations during both the Low- and 
High-Particulate test periods were similar: 29-30% by weight. All three lime- 
stones used during the demonstration consisted primarily of calcium carbonate. 
The three limestones differed in their concentrations of magnesium carbonate and 
inerts. 

. The concentrations of chloride and sulfate ions in the gypsum stack return liquor 
were consistent with those expected of a scrubber system operating with a closed 
water balance, with changes thought to be due to dilution and/or differences in 
coal chorine content over time. Chloride ion concentrations showed considerably 
more variation that did sulfate; the sulfate concentration remained relatively 
constant at approximately 1,000 mg/L. The composition of the JBR froth zone 
and draw-off liquor were consistent with the composition of the gypsum stack 
return liquor. 

. The JBR froth zone and draw-off solids concentrations averaged about 21% by 
weight during the Low-Particulate test period, they were somewhat lower on 
average (about 17- 18% by weight) during the High-Particulate test period, 
primarily due to a lower scrubber solids set point used during the latter part of the 
period when low sulfur coal was used. Both solids consisted primarily of calcium 
sulfate; very low concentrations of sulfite were found, consistent with the high 
level of scrubber slurry oxidation expected for this scrubber. Low carbonate 
concentrations were also typically found, indicative of the high limestone utiliza- 
tion achieved at most test conditions. 
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. There were no exceedances of Plant Yates’ NPDES permit limitations in the 
monitored aqueous discharge streams (i.e., ash transport water and final plant 
discharge). 

. The concentrations of chloride, magnesium, and calcium in the water from 
downgradient well GWC-4 have shown significant increases over the 
concentrations of these species measured during the preoperational period. A 
generally upward trend in the concentrations of these gypsum constituents was 
first noticed in the fourth quarter of 1993. There have been no significant 
increases in the levels of these species in either the upgradient well or the other 
downgradient wells. The source(s) of the higher levels of gypsum constituents in 
well GWC-4 is (are) not clearly apparent. However, three of the more plausible 
potential sources include: (1) a breach of the dike surrounding the gypsum pond 
that occurred on July 24, 1993, in the vicinity of well GWC-4; (2) leaks from a 
slurry pump and associated valves and fittings that are in close proximity to 
GWC-4; (3) a leak in the liner under the gypsum stacking area. At this time, it is 
not possible to determine which, if any, of these possible causes is contributing 
the bulk of the chloride, etc., being seen in GWC-4. Some clarification may be 
forthcoming as more results of the continuing groundwater monitoring activities 
become available. 

. The coals used within the two demonstration periods differed primarily in the 
amount of sulfirr, ash, and moisture present; the composition of the coal used 
during a given test block was found to be relatively constant. As expected, the 
average JBR inlet gas SO, concentration was found to be directly proportional to 
the average coal sulfur content during each test block. 
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5.0 RECOMMENDATIONS 

Recommendations based on the monitoring performed under the EMP for this demonstration 

project include the following: 

. The use of the calorimetric method for aqueous stream nitrate-nitrite (EPA 353.1) 
is recommended over the use of ion chromatography, since it provides an im- 
proved detection limit as well as a longer sample holding time. 

. The measurement of coal trace element concentrations using ASTM methods 
based on atomic absorption spectrophotometry is recommended over inductively 
coupled argon plasma emission spectrometry. 

. The concentrations of gypsum species (i.e., calcium, magnesium, and chloride) 
that have increased over the levels observed during the preoperational period in 
groundwater monitoring well GWC-4 should continue to be monitored, and more 
definitive reasons for the increases should be determined and corrective action 
should be taken, if needed. 
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Appendix A 
EMP Monitoring Data Summary Tables 
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TABLE A-l 
AVERAGE PROCESS PARAMETER AND SO, DATA: LOW-PARTICULATE TESTS 
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Test 
NO. Date 

TABLE A-l (CONTINUED) TABLE A-l (CONTINUED) 

Unit JBR P, Inlet SO2 ppmv Outlet so2 SO2 Removal, 
Load. MWe in. WC (5i! 3% 02 DOrnY cii, 3% 02 Percent 



TABLE A-l (CONTINUED) 

Test 
NO. Date 

Unit JBR P, Inlet SO2 ppmv Outlet SO2 SO2 Removal, 
Load. MWe oH in. WC GiJ 3% 02 Dmn” (ii, 3% 02 P.ZrCXlt 

19-Jul-93 87.3 4.5 14.1 2180 116 94.7 
20-Jul-93 86.2 4.5 14.1 2221 162 92.8 
21-Jul-93 80.3 4.5 14.2 2260 159 92.9 
23-Jul-93 79.5 4.5 14.1 2228 125 94.4 
24-Jul-93 72.1 4.5 14.1 2144 116 94.6 

A-5 



TABLE A-l (CONTINUED) 

=z= 
No. 

L1-3 
(Cont’d) 



TABLE A-l (CONTINUED) 

Test 
No. 

PlB-10 

Date 
Unit JBR P, Inlet SO2 ppmv Outlet so2 SO2 Removal, 

Load, MWe pH in. WC @ 3% 02 ppmv @ 3% 02 Percent 

101.6 4.0 10.2 2270 572 74.8 

PlB-11 1 100.1 1 4.0 1 16.2 1 2110 156 92.6 PIB-12 1 I 49.7 I 4.0 I 10.2 I 2080 I 216 I 89.7 I I 
80.4 1 5.1 1 16.2 1 2270 63 97.2 I 

ALl-1 
ALl-2 

ACl-I 
ACl-2 
ACl-3 

Alternate Limestone-Load-Following 

55.5 
59.7 

49.5 
49.9 
75.0 

4.8 14.2 I zzsu 
4.0 10.1 1 1810 

Alternate Coal Parametric Tests 

4.0 10.2 3560 
4.0 16.1 3700 
4.0 16.1 3580 

-. 
I 95 I 95.8 

I80 90.5 

670 81.1 
250 93.3 
NA NA 

AC1-4 1 74.4 1 4.0 1 16.1 1 3390 380 88.7 
ACl-5 1 I 46.2 1 4.5 1 16.1 3610 I 210 I 94.2 

NA = Not available due to CEM output range limitations. 
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TABLE A-2 
AVERAGE PROCESS PARAMETERS AND SO, DATA:. HIGH-PARTICULATE TESTS 

II I I Unit I I I Inlet SOT. I Outlet SO2. I ESP I so2 1 



TABLEA-2(CONTINUED) 

II I FT";+ I I II 
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TABLE A-2 (CONTINUED) 

I I I IJnit I I I Inlet so,. I Outlet w-n I ESP I w-82 II 

II I Test No. Date 

act 1994 100.5 4.0 18.1 2990 221 92.6 
AC2-8 Ott 1994 75.9 4.0 18.1 3036 140 95.4 
ACZ-9 Ott 1994 49.9 4.0 18.1 3029 58 98.1 
AC2-IO Ott 1994 78.0 4.0 14.1 2759 414 85.0 
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TABLE A-2 (CONTINUED) 

Test No. Date 

Unit Inlet so2, Outlet so2, ESP so2 
Load, .5R AP, wmv @ wmv @ Effdency, Removal, 
Mwe pH in. WC 3% 02 3% 02 % % 

II Alternate Limestone Tests II 
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TABLE A-3 
JBR INLET GAS PM LOADING AND 

MOISTURE: LOW-PARTICULATE PARAMETRIC TESTS 
II Test ml I 1 Load. 1 Gas Flow. 1 H-0. 1 PM Lnadino II _ __. _-. 

Date Time Mwe kacfm vol. % grlacf 1 IbMMBtu 
Pl-1 I 1119-1237 . _._ _-. I 100 . . . I 452 I 6~0 I II0216 _._-__ I I 0 077 -. 

21-Jan-,, ..,__I- .-.v , L-1 , -01 l2-Jcl‘lln I Inn I d6.Z T”< I I 76 .” I I n rnnn “.“A”” I I III A73 
1631-1744 I 100 I 460 6.4 0.0256 I 0~092 

PI-2 
22 -Jan-93 

PI-3 
23-Jan-93 

PI-4 
25-Jan-93 

PI-5 
2b-Jan-93 

PI-6 
27-Jan-93 

Pl-7 
29-Jan-93 

PI-8 
30-Jan-93 

Pl-9 
3 l-Jan-93 
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TABLE A-4 
JBR INLET GAS PM LOADING AND 

MOISTURE: HIGH-PARTICULATE PARAMETRIC TESTS 

27-Mar-Qd 
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TABLE A-5 
JBR INLET GAS SULFUR SPECIES AND MOISTURE: LOW-PARTICULATE TESTS 
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TABLE A-5 (CONTINUED) 
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TABLE A-6 
JE3R INLET GAS SULFUR SPECIES AND MOISTURE: HIGH-PARTICULATE TESTS 



TABLE A-7 
STACK GAS PM LOADING AND 

MOISTURE: LOW-PARTICULATE PARAMETRIC TESTS 

25-Jan-93 

29-Jan-93 
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TABLE A-8 
STACK GAS PM LOADING AND 

MOISTURE: HIGH-PARTICULATE PARAMETRIC TESTS 

_._._ 

19-Mar-94 1215-1406 1 100 I 332 13.3 1 0.0076 1 0.021 
1400-1512 1 100 339 I 13.2 I 0.0043 I 

I Mean I 100 I 336 13.0 1 0.0053 0.015 
IQ-6 I 0809-0919 I 100 340 I I O.OlfiX I nn4n 

I I 50 I 209 I 10.5 1 0.0167 0.056 
P2-9 I 0758-0907 1 50 213 11.5 I 0.0140 I 0.046 

27-Mar-94 0956-l 114 1 50 221 12.8 1 0.0166 ) 0.057 
1144-1250 1 50 216 12.5 1 0.0126 ) 0.043 

I so I 217 I 12.3 I 0.0144 I 0.048 

A-18 



TABLE A-9 
STACK GAS SULFUR SPECIES AND 

MOISTURE: LOW-PARTICULATE PARAMI----- ----- :1Klc IliSIS 

_ 1052-1107 100 1% - In-Y, 537 2.8 
1128-1142 100 121 517 2.7 

I 1332-1347 100 120 508 2.7 
1408-1413 100 121 588 2.7 

c,* 

27-Jan-93 

I 
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TABLE A-9 (CONTINUED) 

A-20 



TABLE A-10 
STACK GAS SULFUR SPECIES AND 

MOISTURE: HIGH-PARTICULATE PARAMETRIC TESTS 
Load, Flue Gas SO2, ppmv 5403, ppmv 

Time Mwe 0 ra 3% 0. --__ 
P2-1 

I7-Mar-94 

F2-2 
IS-Mar-94 

P2-3 
19-Mar-94 

P2-4 
20-Mar-94 

F2-5 
22-Mar-94 

FZ-6 
24-Mar-94 

P.2-1 
25-Mar-94 

P2-8 
26-Mar-94 

F2-9 
27-Mar-94 
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TABLE A-l 1 
MAKEUP WATER ANALYSES: LOW-PARTICULATE TEST PERIOD 

TABLE A-12 
h4AKEUP WATER ANALYSES: HIGH-PARTICULATE TEST PERIOD 
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TABLE A-13 
GYPSUM STACK RETURN ANALYSES: LOW-PARTICULATE TEST PERIOD 

Liquid Phase, mg/L 

_ . 
Pl- E Pl-I 
PI-1 
PI-1 

I- 71-FchW I 67 M9 
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TABLE A- 13 (CONTINUED) 

I Liauid Phase. me/L II 
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TABLE A-14 
GYPSUM STACK RETURN ANALYSES: HIGH-PARTICULATE TEST PERIOD 

Liquid Phase, mgiL. 
Test ID Date PH Carbonate 1 Sulfate Chloride 

Parametric Tests 

1 28-Aug-94 1 5.74 74 1,108 22,728 
High Removal Tests 

HR2-2 OS-Sep-94 6.30 74 1,154 10,285 
12-Sep-94 5.71 14 1,146 13,037 
19-Sep94 5.96 14 1,089 13,139 

Alternate Coal Tests 
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TABLE A-15 
GYPSUM STACK RETURN LIQUID-PHASE 

TRACE METALS: LOW-PARTICULATE TEST PERIOD 
Element Units 

AlllRlinllm w& 
Antimony m!& 
Arsenic mgn. 

14-Jon-93 
0.5 
0.01 

zo~nnx 

12-Jul-93 
1.49 

O.OOSa 
a007 

09-Aug-93 
0.44 

<0.006 
4.nn7 

14-Sep-93 
0.26 

co.0139 
~0 001 I 

I 1.09 I 0.07 I 0.91 I 1.25 
0.001 b a004 “.0”3b <“~““26 I 

Boron ws 473 29 414 718 1 

Cadmium mg/L 0.14 0.01 0.14 0.25 
Copper m& 0.03 0.02 x0.06 0.03 
Chromium mpn 0.03 O.OOSb 0.03 0.04 
Cobalt mg/L 0.09 0.009b 0.13 0.19 
Iron I mg/L 0.39 I <0.02 I x0.09 co.028 
Lead mpn <0.003 <0.003 <O.OOOOS 1 <0.008 I Manganese w+ 107 6.8 530 157 v 

Mercury mg/L 0.0007 0.0023 
Molybdenum mg/L 0.06 0.005b 0.07 0.09 
Nickel mgiL 0.57 0.06 0.47 0.77 
Potassium mk% 44 2.5 43.5 65.2 
Selenium I m!G 0.08 I 0.16 I 0.06 I co.002 
Silicon me/L I 13.X 1.7 14.4 IS.1 II 

I 90.1 I 5.3 I 92.3 I 139 0.08 0.003b 0.09 0.14 I 

a Value less than five times detection limit. 

’ Value less than detection limit. 
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TABLE A-17 
LIMESTONE ANALYSES: LOW-PARTICULATE TEST PERIOD 

I I Slurrv I Solid Phase. wt. % II 
Test ID Date Solids, A % Calcium 1 Magnesium / Carbonate ( Inerts 

Parametric Tests 
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TABLE A-l 7 (CONTINUED) 

Slurry Solid Phase, wt. % 
Test ID Date Solids, wt. % Calcium 1 Magnesium 1 Carbonate 1 IWXtS 

Alternate Limestone Tests 
PlA-11 1 Ol-Nov-93 1 29.40 39.6 0.4 59.3 0.69 
PIB-1 02-Dee-93 ) 29.16 39.3 0.4 61.6 0.94 

lo-Dee-93 t 28.12 I 39.4 I 0.4 I 61.6 I 0.72 
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TABLE A- 18 
LIMESTONE ANALYSES: HIGH-PARTICULATE TEST PERIOD 

Slurry Solid Phase, wt. % 

Test ID Date Solids, wt. % Calcium Magnesium Carbonate Inert.9 

Parametric Tests 

Long-Term T&s 
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TABLE A-18 (CONTINUED) 
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TABLE A-2 1 
BR FROTH ZONE LIQUID-PHASE TRACE 

METALS: LOW-PARTICULATE TEST PERIOD 

‘Value less than five times detection limit. 

’ Value less than detection hit. 
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TABLE A-23 
JBR k4W-OFF ANALYSES: LOW-PARTICULATE TEST PERIOD 

Ll-1 1 OSAm-93 14.98 1 20.02 

II I 
I -..- I 

IA-h-93 I5.02( 14.24 ( 21.7 1 0.00 1 0.00 1 53 -I 1 
0.00 1 0.00 1 547 1 1.6 1 2.17 

hii- 14.86 t 21.86 1 23.4 1 0.00 1 b&3 I 53.9 '.' I I 0.5 1.3 ( I 0.86 1.59 
t 2%Jun-93 14.82 1 20.77 1 23.0 I 0.00 1 0.00 56.0 1 

-93 14.54 1 21.3 1 23.8 1 0.00 ( 0.00 
-93 14.81 1 21.98 I 22.8 I 0.00 

11 IA-Se,,.93 14.81 I 19.76 1 

It I -..- I ~~1-4 1 nS-nrt-93 
15.05 1 20.71 21.6 0.02 1 0.00 1 
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TABLEA-23(CONTINUED) 

Solid Phase wt. % 

. -__ 

._- Aelc.nl ^,>I 1 **” I n.3 I n-n I r-^ I ..? I .^, IY-uec-Y, 1 ,.,a, L4.40 , ‘4.1 , “.I I , “.“a , 3J.L , 3.6 , I.“0 
28-Dee-93 14.841 21.10 23.4 0.07 1 0.00 I 53.1 1 

ALl-1 

E 
ACl-1 

ACl-3 
ACl-10 

A-40 



TABLE A-24 
JBR DRAW-OFF ANALYSES: HIGH-PARTICULATE TEST PERIOD 

I I ( Slurry ( I 
Test Solids, Solid Phase, wt. % Inerts, 
W Date pH wt. % Calcium Magnesium I Suliite I Sulfate I Carbonate wt. % 

PWXIEb 
P2-0 1 15-Mar-94 1 4.81 I 20.93 I 23.0 0.2 I 0.0 I 52.9 I 111 

P&l9 _-, , , ..-_ , 21.01 1 14.0 I 0.1 1 0.0 1 33.6 1 I.0 1 35.28 
. . ..A. I ^ . ^^ .^ I^-,. 

L2-I 01-h-94 1 4.88 1 24.20 1 20.7 I , 0.1 I 0.0 I 49.5 I 1~4 I 5~51 
07-Jm-94 1 4.72 1 10.92 1 22.3 1 0.2 1 0.2 1 46.9 1 6.6 1 ii4 

L2-2 I IS-Jun-94 I 4.55 I 20.12 I 20.0 I 0.1 I 0.0 I 49.4 I 0.6 I 6.61 

High Removal Test 
HR2-2 OS-Sep-94 1 4.10 13.97 19.9 0.0 0.0 47.8 0.2 12.11 

12-Sep94 1 4.21 21.33 19.4 0.0 0.0 46.3 0.6 18.03 
l9-sep-94 I 4.47 15.68 21.8 0.1 0.0 52.8 1.6 2.26 

Alternate Cod -l-es+ 
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TABLE A-27 
COAL PROXIMATE ANALYSES 

(AS BURNED): LOW-PARTICULATE TEST PERIOD 
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TABLEA-27(CONTINUED) 

% 1 HHV, Bttib 
u,-iwar-7, , 1.‘..lL , 7.,_1 I 3.‘., I 44.” I L.4‘ 

I 
I 

06-Mar-93 1 13.23 8.84 I 34.0 I 44.0 I 2.42 1 
n7-bh-97 I 12.24 1 X~95 II -‘.‘.-.- 1 ! 34.6 44.2 I 2.39 Il.367 II I- 

12.65 I 8.97 I 34.6 I 43.8 I 2.48 11,374 12.65 8.98 34.7 43.7 I I 

02-Am-93 1 12.88 I 8.69 I 



TABLE A-27 (CONTINUED) 



TABLE A-27 (CONTINUED) 
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TABLE A-27 (CONTINUED) 
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TABLE A-27 (CONTINUED) 

Date H 0. wt. % 1 
Ii.89 / 

Ash. wt. % 1 Volatiles. wt. % 1 Fixed C. wt. % 
9.02 34.1 

1 Sulfur. wt. % 1 HHV. BtuIlb 11 
IS-Der-97 - ,- I 4319 2.i4 11,324 
19-Dee-93 12.88 1 

I 
9.17 34.2 I 43.8 I 2.58 1 I 1.340~~ ~I 

20-~~~-93 ~~~- 
I,.,L 1 n-n 

XL” 
1 
I 

7” n 
3L1.V 43.7 2.55 I I:;62 

**?” I 21-Dee-93 13.x , ^ ^, Y.“O I 
-. . 34.1 I 

. . - 45.L I 
^ ,^ ‘!.OL I 

. . .^_ II,LL(/ I 

-n-i-kc-91 13.77 I 9.23 34.1 42.9 2.56 11~175 -- -__ _. I . _,_. _ 
23-Dee-93 1 14.25 1 9.12 33.9 42.8 2.50 10,978 
25-Dee-93 I 13.75 I 9.33 I 33.7 I 43.2 I 2.52 I II.140 

02-Jan-94 12.48 , Y./L I I ‘I‘?., I LX 
03-Jan-94 12.83 ’ Inn’ I I”.“, I 33.3 43.8 2.23 11:1.53 
OSJan-94 14.07 I ,. . . Y.W I 

“^ ^ 3L.Y I 
.” , w.0 I 

^^^ L.LII I 
. . ^-r I1,“30 

Oh-Jan-94 14~98 I 9.40 32.6 43.0 2.27 10~919 H 
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TABLE A-27 (CONTINUED) 

_ ____ _. . _,. 
15Feb-94 8.63 10.09 37.9 43.3 4.43 11,981 
14-Feb-94 9.01 9.79 37.1 44.0 4.24 11,922 
15Feb-94 7.19 10.62 37.1 44.5 4.38 12,118 
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TABLE A-28 
COAL PROXIMATE ANALYSES: HIGH-PARTICULATE TEST PERIOD 
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TABLE A-28 (CONTINUED) 
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,,TAEILE A-28 (CONTINUED) 
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TABLE A-28 (CONTINUED) 

Note: As received basis for all paameten 
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TABLE A-29 
COAL ULTIMATE ANALYSES: LOW-PARTICULATE TEST PERIOD 

Fluorine, ppmw 29 15 58 7s 92 93 

As received basis. 

NA = Not analyzed. 

TABLE A-30 
COAL ULTIMATE ANALYSES: HIGH-PARTICULATE TEST PERIOD 

Note: All parameters are reported on “as received” basis. 
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TABLE A-3 1 
COAL TRACE ELEMENT ANALYSES: LOW-PARTICULATE TEST PERIOD 

Element I Units I 2%Jun-93 I ZZ-Feb-94 II 

II Vanadium J PPmw 
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TABLE A-32 
COAL TRACE ELEMENT ANALYSES: HIGH-PARTICULATE TEST PERIOD 

Element Units 

Aluminum PPmw 
Antimony ppmw 
Arsenic oomw 

ldMar-94 Ol-Jun-94 

12500 12500 a 
4.0 Cl.0 a 
3.1 I.5 

07-Jul-94 

12000 a 
<l.Oa 

1.5 

15-Sep-94 

15800 
I.1 
10.5 

06-act-94 

13500 a 
la 

N/A 

11 Barium I oomw I 43 I N/A I N/A I 162 I N/A 11 

II Bervllium I oomw I 3.0 I 2.5a I 2.4a 1 3.0 I 3.9 a II 
11 Boron I mmlw I N/A I NIA 1 NIA 1 N/A I N/A II 

Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 

ppmw 
PPmw 
PPmw 
ppmw 
ppmw 
mmw 

6.0 4.9 a 9.7 a 5.0 3.3 a 

700 630 a 620 a 700 670 a 

29.0 28.5 a 27.4 a I7 30 a 

0.04 0.06 0.06 0.08 0.13 

1.0 4.4 a 4.4 a N/A N/A 

18.0 16.3~ a 18.8 a 13.0 14.5 a 

Note: All parameters are presented on a dry basis. 
NIA = Not analyzed. 
a = Calculated from “ignited basis” data. 

A-57 



Appendix B 

Particle Size Distributions-JBR Inlet and Outlet Gas Streams 
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Figure B-31. Period 2 Outlet Cumulative Percent vs. Particle Diameter for Chiyoda 
Scrubber, 50 MW, 16” AP, ESP First Field Off, March 27,1994 
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TABLE C-2 
CW-2 RESULTS 

II Parameter 1 6Sen91l i 2Nov90 1 S-9Jan91) llMar91 1 8May91 ( l-ZJul91 
“” _ _” ” ^” .^. lb" 

" "."- ---. , ---r-- I --. 
I 6.09 1 5.~/Y I 3.62 I >.Y, I ft.“4 I 5.96 II 

81 70 
II 

16.3 15.9 ( 
72 63 63 66 

IS.4 16.1 16.0 16.2 
169 144 189 190 141 293 

lkaiinity (mgiL C&O,) 21.7 22.9 24.4 22.1 20.5 25.8 
ssolved Solids (mg’L) 81 51 59 52 48 64 

<I n <I 4 <I n 4 n <I n <I n .1.... ““\.-~‘, 

IfI’ 
I 

..” .._ 
I 

.._ .._ 
I 

..” I 
loride (mg/L.) 3.5 1 ;- ’ -. ” , ^^ ^” II 

tal Organic Carbon (mg’L) a.0 < 

=N) 
co.10 
0.26 
7.6 

0.15; ND 
-L 

4.8 

)PPer (ma) 
lromium (mgiL) 

3.4’ 1 3.6 * 
I 



TABLE C-2 (CONTINUED) 

‘Less than five times the detection limit; results should be viewed accordingly. 
bDetected in the method blank. I 

ND = Not detected. 
NR = Not required. 
NA = Not applicable, 
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TABLEC-3 
^__. - ---_ 
cw-3 KESU rLTS 

Parameter 1 6Sep90 1 2Nov90 1 
I I I I 

KISS Gamma @G/L) 
AC-221 I ND I NR I NR I NA I NR I NR I 
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TABLE C-3 (CONTINUED) 

*Less than five times the detection limit; results should be viewed accordingly, 
‘Detected in the method blank. 

ND = Not detected. 
NR = Not required. 
NA = Not applicable. 
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TABLE C-4 
CW-4 RESULTS 

Parameter 1 6Sep90 1 2Nov90 I8-9Jan91 1 llMar91 ( 8May91 1 l-2Jui91 
” I 5~40 I 5~15 I 4x I 4 71 I 619 I < on 1 _. ._ I _.._ I .._ I .._ I -.._ I 

onductivity @S/cm) 40 35 30 34 32 1 -ii" 16.9 1 16.9 16.7 1 16.9 16.8 17.0 I __.._r_ 
Eh WI 
Alkalinity (mgiL CaCO,) 
Total Dissolved Solids (mgiL) 
Bromide (mgiL) 
Iti lloride Imsil.l 

188 213 228 274 181 319 
11.5 15.2 9.9 11.0 7.0 11.1 
50 35' 31' 34' 39 = 41' 

Cl.0 4.0 Cl.0 4 .o Cl.0 4.0 
3.0 2.8 3.2 3~4 3~1 ?I 

IF 
-- \---m-r _. 

d had bh h-fi) / 
I _.. 

1.3’ 1 1.1’ I Cl.0 Cl.0 Cl.0 -4.0 I ,~~~--..~~“;.-.~-“.. \-e 
I 0.04OL I 

<o.lo , <o.16 ~7~ ~~~~<ollo~ 
r ~-~0.10 I ~0.10 II 

NR I NR I NA I 



TABLE C-4 (CONTINUED) 

* Less than five times the detection limit; results should be viewed accordingly. 
b Detected in the method blank. 

ND = Not detected. 
NR = Not required. 
NA = Not applicable. 
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TABLE C-S 
---- - ----JLTS 

90 1 8-9 Jan 91 1 11 Mar 91 [ 8 May 91 I 1-2 Jul91 



TABLE C-S (CONTINUED) 

’ Less than five times the detection limit; results should be viewed accordingly. 
b Detected in the method blank. 

ND = Not detected. 
NR = Not required. 
NA = Not applicable. 
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TABLE C-6 
RESULTS FOR SEPTEMBER 3-4 AND 

OCTOBER 14,1992: PARAMETERS OTHER THAN VOCS 

itrate-Nitrite (mg/L as N) 0.14 1 0.027’ 1 

226 and 228 @CiL) 

ross Alpha @Gin) 
Gross Beta @Ci/L) 

0.92bO.27 0.63iO.21 0.7OctO.25 0.57ztO.20 0.59ko.19 0.7lztO.25 
-4.0i5.5 3.3i5.6 -4.lzt6.0 -2Si5.1 -1.7h5.2 -3.M6.6 

0.89 l x0.60 co.5 1 ,<0.49 co.50 co.52 
1.80’ Cl.74 cl.80 cl.80 Cl.75 Cl.75 J 

I 7.9 I 4.3’ 1 1.48 1 Cl.0 I Cl.0 2.1 
<0.0050 <0.0050 <0.0050 <0.0050 I 0.0054’ 1 <0.0050 

I <O~OlO I co~olll I <O~OlO I co~oln I <o~nlo I <O.OlO 



TABLE C-6 (CONTINUED) 

\... _ _, -.--- “.“_” 

<O.OlO <O.OlO <O.OlO <O.OlO <O.OlO <O.OlO 
1 0.00036’ ( 0.0003fj 1 cl~-IOWifi~ 1 0000?4* I Oil01-3ha I ““““?Aa -.----_ _.----. -.---- _ “.“--_- 

co.050 co.050 <0.050 <0.050 
c3.0 I <3.0 I an I 

=.“.L” =.“.L” T”.‘” ‘“A” 

<0.050 <0.050 <0.050 1 a.050 
<0.0050 1 <0.0050 

, “.“,‘I‘ 1 ~“.“,I , co.031 1 <0.031 
I20 I <0.020 I co.020 I co.020 I co.020 

’ Less than five times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 
b Detected in the method blank. 

NR = Not reported. 

WellNo. GWA-1 was previously named CW-I. 
Well No. GWC-1 was previously named CW-2. 
Well No. GWC-2 was previously named CW-3. 
Well No. GWC-3 was previously named CW-4. 
Well No. GWC-4 was previously named CW-5. 

Metal concentrations shown are total. 
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TABLE C-J 
RESULTS FOR SEPTEMBER 3-4 AND OCTOBER 14,1992: VOCS 

Trichloroethene C5.0 
Trichlorofluorometbane <IO 
1,2,3-Trichloropropae C5.0 
Vinyl acetate c5.0 
Vinvl chloride Cl0 

‘Detected at less than the detection limit. 
bLess than five times the detection limit; results should be viewed accordingly. 
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TABLE C-8 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

DECEMBER 29-30,1992 (FOURTH QUARTER 1992) 
Parameter I GWA-l-8-1 GWC-l-8-11 GWC-2-8-11 GWC-3-8-11 GWC-4-8-l 1 GWCJ-II-111 

I LO I 3.3 I I.0 I L.0 I I L” 
II 

.ver (mgk) <O.OlO 

. I I 
mm (mgk) 
arium (me/L\ 

IArsenic (me/L) 
co.025 

I 0.033 ’ 
co.0033 co.0033 

~0.80 ~0.80 
8.1 8.1 

<0.0015 <0.0015 

co.025 
0.012 * 

so.0033 
co.80 
4.0 ’ 

~ e I ~ e I 

Beryllium (mg/L) Beryllium (mg/L) 
Bismuth (mg/L) Bismuth (mg/L) 
Calcium (mg/L) Calcium (mg/L) 
Cadmium (mg/L) admimn (mg/L) 

)balt (mgiL) 

)pper (mglL) 

co.029 
<0.020 

co.015 
~0.029 
co.020 

<0.0015 
CO.029 
<0.020 

agnesium (mg/L) 
I 

6.0 3.0” 2.1 * 
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TABLE C-8 KONTINUED) 

I Parameter 1 GWA-1-8-l 1 GWC-1-8-l 1 GWC-2-S-11 GWC-3-8-11 GWC-4-8-l 1 GWC-5-8-l ii 

’ Less than five times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 

b Detected in the method blank 
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TABLE C-9 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

MARCH 30 AND APRIL 1,1993 (FIRST QUARTER OF 1993) 
Parameter 1 GWA-l-9-11 GWC-l-9-11 GWC-t-9-11 GWC-3-9-11 GWC49-11 GWC-5-9-1 

!-I I 682 I 5x3 I 5~29 I 5~23 I SM I h I? 
onductivity (pS/cm) 128 67 67 33 64 54 
emperanxe (“C) 19.7 16.4 17.0 17.4 15.7 17.7 

m9 234 184 194 205 189 224 
IEialiiitv ha/L CaCO,) I 28.0 I 22.5 ( 12.5 7.0 6.0 12.5 

13 = 68 44’ 63 67 
<0.030 <0.030 co.030 co.030 

4.0 2.7 3.6 2~7 

otal Di&lv~d Solids &giL) 1 110 4 
5) 1 co.030 1 <0.030 
51 I 2.1 I 2.6 

IFluoride h#L.~ 
bate-N&% (mg’L as N) 

\ 
0.19 

r 

Cl.0 Cl.0 Cl.0 Cl.0 Cl.0 
co.050 <o.oso <0.050 <0.050 

0.42 1 0.17 <0.030 2.5 0.062 ’ 
1, I 70 I& <n 7.4 

I 2” I L.b I I ., I ._Y I 2.” I ,__I 

ium 226 and 228 (PCL’L) (0.31*0.33(0.13,.0.34(0.25*0.33(-0.12*0.35( O.OiO.40 (O.OlkO.3l 

. . . I^._ ~ I.._.- .^_ 2.16 * 0.62 1 1.03 kO.58 1.57iO.59 1.73hO.60 l.OOztO.67 0.21*0.48! 
, I,.o*~.Y , w.L*6.4 1 O.Ok1.6 1 15.2h4.2 21.4h5.0 19.1 I 4.8 

Gross Beta @CiII.I 1 232zt77.5 1 43fi*ll 1 -1.2+X9 i 179.4+7.X 271.9*9.0 279.8*8.9 

Gross Gamma @Ci5) 
AC-227 I NR I NR I NR I NR I NR I NR 
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TABLEC:9(CONTQWED) 

’ Less than tive times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 
b Detected in the method blank. 

NR = Not reported. 
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TABLE C-10 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

JUNE 21, 1993 (SECOND QUARTER 1993) 

itl Ik agnesium (me/L) 5.8 I 

8 <0.0038 <0.003X <0.0038 CO.0038 
~0.0025 <O.OlO <O.OlO CO.0025 CO.0025 

<0.000048 <0.000048 <0.000048 <0.000048 <0.000048 
<0.0060 <0.0060 <0.0060 CO.050 

<3 .o C3.0 <3 .o ~0.0029 
<0.0029 1 CO.0029 CO.0029 do.0029 ~0.0029 

2.9 I 1.9 Cl.0 2.1’ 1.5 - 
anganese (ma) 

Molybdenum (n&L) 
Sodium (mg&) 

ickel (man) 

<O.OlO <O.OlO 0.010 CO.010 0.013 0.02 I 
CO.0046 ~0.0046 ~0.0046 ~0.0046 CO.0046 ~0.0046 

4.4 4.0 6.1 3.9 4.4 5.5 
co.0099 <0.0099 0.053 a.0099 <0.0099 co.0099 



TABLE C-10 (CONTINUED) 

’ Less than five times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 
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TABLE C- 11 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

SEPTEMBER 23-24. 1993 (THIRD OUARTER 1993‘) 
GWA-l-11-1 GWC-1-11-l GWC-Z-11-l GWC-3-11-I GWC-4-11-I GWC-ELll-11 

5.9 6.0 5.6 5.3 5.2 5.6 
110 61 49 27 54 40 
19.2 17.1 17.6 17.5 18.0 17.5 
^.^ . _. .-. .^. ^^_ .^_ 

Parameter 
pH 
Conductivity (pS/cm) 
Te~~~perature ("C) 
-. , . 
HI uw 2,” 161 lil 1Y4 L”, LYS 
Alkalinity @g/L C&O,) 24.8 27.3 15.9 9.1 7.0 11.5 
Total Dissolved Solids (II@) 99 70 60 21' 44 50 
Bromide (mgil.1 0~4h 0~16 0.58 0.34 1~9 0 37 
Chloride (mgk) 1.9 2.5 3.5 2.8 3.8. 2.5 
Total Organic Carbon @g/L) co.45 10.45 co.45 co.45 co.45 10.45 
Fhmrirle (Ino” \ ilO7l~ <” ns a7 ns <n n< <l-l ns <” “74 .--..-- ,... ~-, “.“. . ~“.“_ -._- ~“.“-. 

imate-Nitrite (mg/L as N) 0.19 0.51 0.30 0.048' 1.8 0.038' 
Sulfate (mgL) 28 2.6 7.7 a.5 4.9 5.5 
Radium 226 and228 CDCL’L~ 0.27 * 0.13 0.16 * 0.13 0.05 + 0.12 0.10 f 0.13 0.11 * 0.11 0.18 i 0.13 
II 
hrm Alnha I”Ci,I,) 

IO.32bO.48 IO.64+0.54 IO.69iO.54 IO.31*0.50 0.52hO.52 0.0i0.53 
----- ---I---- v 1 0.88 * 0.92 1 -0.29 * 0~74 I 0~73 + n~xs I 0~20 _.. _.._ ___ _.-_ * 0.79 0.51 + 0.83 0.04 zt 0.72 
Gross Beta @G/L) ( 2.0i1.9 I 0.7bl1.8 1 O.li1.8 1 -0.lzk1.8 0.3 i 1.9 0.2* 1.8 
Gross Gamma @CiL) 

AC-227 NR NR NR NR NR NR 
AC-228 I NR I NR I NR I NR I NR I NR 



TABLE C-l,1 (CONTINUED) 

Parameter ~C.WA-1-11-1iGWC-1-11-1~GWC-2-11-1~GWC-3-11-1(GWC-4-11-1~GWC-5-11-1 
8 1 <0.0038 1 CO.0038 1 CO.0038 1 <0.003X 

’ Less than five times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 
b Detected in the method blank. 

NR = Not reported. 
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TABLE C-12 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

Parameter 

JANUARY 5,1994 (FOURTH QUARTER 1993) 
GWA-l-12-1 a GWC-1-12-l 1 GWC-2-12-l 1 GWC-3-12-l 1 GWC412-1 I GWC-5-12-l 11 

obalt (mg/L) co.0034 co.0034 a0034 co.0034 co.0034 

<0.0038 <0.0038 I a.0038 I <0.0038 co.0038 
IlChromium (mzz/L) I I <0.010 I 0.011 c I co.010 I co.010 I <n.nto II 

<0.000050 aoooo5o <0.000050 <0.000050 <0.000050 

I I 0.097 I co.050 co.050 co.050 I co.050 
Potassium (mgft) c3.0 c3.0 co.37 c3.0 c3.0 
Lithium (mg/L) co.0029 <0.0029 <0.0029 <0.0029 co.020 
Jvhgnesium (mg/L) 3.7 1.8 4.0 3.7 1.3 
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TABLE C-12 (CONTPD) 

’ Well was dry; no samples collected. 
b Detected in the method blank. 
C Less than five times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 

NR = Not repotted 
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TABLE C- 13 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

MARCH 22-23, 1994 (FIRST QUARTER 1994) 

I I I _.__ _.._ I .._- _.-- 
onductivitviuSkm~ 61 57 28 72 I 43 I 



TABLE C-13:(CONTINUED) 

Parameter GWA-1-13-l p GWC-l-13-I GWC-2-13-I GWC-3-13-l GWC413-1 GWC-S-13-1 
2lPimn ,m*“., I I 4.72 I 2 19 I “792C I I 

*we11 was dry; no samples collected. 
b Detected in the method blank. 
’ Less than five times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 

NR = Not reported. 
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TABLE C-14 
RESULTS OF GROUNDWATER MONITOmG 

CONDUCTED JUNE 21-22, 1994 (SECOND QUARTER 1994) 
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TABLE C-14 (CONTINUED) 
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TABLE C-14 (CONTINUED) 

a Well was dry; no samples collected. 
b Detected in the method blank. 
’ Less than five times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 

NR = Not reported 
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TABLE C-15 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

AUGUST 3 1, 1994 (THIRD QUARTER 1994) 
Ii PllPmCfCr I lxvb.l-15-l * I GWC-I-151 I mvc-‘-2-I%1 I lxvc-3-15.1 I lxw-*lc.1 I r-wr2L,5-, __.- _ .- , -~~ -.... _~ ._.._. _- .._. _..__, 

H I 6.09 I 5.63 I 5.41 I 5.10 I 5.53 anductiviw ~u.skrnl I 68 60 30 108 43 I 

G-134 <14 4, 45 a2 <I6 
Cs-137 <I3 <12 43 c14 <13 

K-40 <I70 <I20 <220 <210 QIO 

m-211 NR NR NTt NR NR 



TABLE C-l 5 (CONTINUED) 

s Well was dry; no samples collected. 
b Detected in the method blank. 
*Less than five times the detection limit; results are expected to be less accurate as ~ncmtrations approach the detection limit. 
a Result is questionable; concentration of reagent used in tiuation is unclear. 

NR = Not reported. 
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TABLE C-16 
F&JLTS OF GROUNDWATER MONITORl-NG CONDUCTED 

DECEMBER 20-21, 1994 (FOURTH QUARTER 1994) 



Parameter 

Selenium (mp/L) 

TABLE C-16 (CONTINUED) 

GWA-l-16-1* GWC-l-16-1 GWC-2-16-I GWC-3-16-1 GWC416-l GWC-5-16-l 

I <0.000592 I 0.0011c I <0.000592 <0.000592 I 0.00070 c 

Silicon (mg/L) 10.9 12.2 8.94 10.1 10.3 b 

Tin @w’U CO.0145 CO.0145 0.0162 C 0.0195 c 0.0162 C 

Strontium (mg/L) 0.0146 0.0109 0.00202 c 0.0315 0.0097 

Tellurium (mgiL) CO.177 CO.177 co. I77 CO.177 ~0.177 b 

Titanium (me/L) ~0.00159 <0.00159 a00159 <0.00159 <o.ools b 

’ Well was dry; no samples collected. 
b Detected in the method blank. 
’ Less than five times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 
d Result is questionable; concentration of reagent used in titration is unclear. 

NR = Not reported. 
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TABLE C-17 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

MARCH 28-29, 1995 (FIRST QUARTER 1995) 
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TABLE C-17 (CONTINUED) 

’ Well was dry; no samples collected. 
b Detected in the method blank. 
’ Less than five times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 

NR = Not reported. 
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TABLE C-l 8 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

JUNE 13-14, 1995 (SECOND QUARTER 1995) 



TABLE C-18 (CONTINUED) 

Zinc (mgll,) <0.00402 <0.00402 <0.00402 1 <0.00402 <0.00402 CO.00402 

TOX heL) I c11.7 I 15.5 c I <Il.7 I Cll.7 I 24. IC I c11.7 
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TABLE C-48 (CONTINUED) 

‘Well was dry; no samples collected. 
b Detected in the method blank. 
’ Less than five times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 
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TABLE C-19 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

SEPTEMBER l l-12,1995 (THIRD QUARTER 1995) 
Parameter I GWA-1-19-l I GWC-1-19-l 1 GWC-2-19-I 1 GWC-3-19-l 1 GWC-4-19-l 1 GWC-S-19-1 

I 6 38 I I I c “7 I I 

otal Organic Carbon (mg/L) <0.117 co.117 

0.0904 b 0.0582 b 

0.571 c 

0.0402 b 

co.117 

0.0370 b 

1.86 

0.0325 b 

co.117 

0.0304 b 

inate-Nitrite (mgR. as N) 0.0999 0.287 0.888 0.298 1.74 0.0298 

24.4 1.06 3.90 0.595 3.03 6.80 

km-226 and -228 (pCiiL) NA 0.310 l 1.33 0.120* 0.770 0.230 + 0.890 0.190 zkO.840 -0.530 i. 0.892 
NA -0.490 * 1.68 -0.680* 1.67 -0.230 f 1.39 -0.430* 1.59 -0.98Oi 1.70 

Gross Alpha (pCi/‘L) NA 0.71 * 0.25 co.44 co.37 ~0.67 0.53 * 0.20 

.Gross Beta MX’Ll NA Cl.4 a.4 Cl.3 cl.6 I .47 * 0.49 



TABLE C-19 (CONTINUED) 

’ Well was dry; no samples collected. 
b Detected in the method blank. 
’ Less than five times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 

NA = Not analyzed; insuffkient sample was obtained. 
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TABLE C-20 
RESULTS OF GROUNDWATER MONITORING CONDUCTED DECEMBER 12-13,1995 

H 

Parameter 

(FOURTH QUARTER 1995) 
GWA-I-20-1 GWC-l-20-1 GWC-2-20-l GWC-3-20-1A GWC420-1 GWC-5-20-1 

I. 6.08 I 5.92 I 5.45 I 5.27 I 4.89 I 5.28 

otassium (mg/L) I I .93c ~0.883 CO.883 co.883 ~0.883 l.23C 

ithium (me/L) CO.00297 CO.00297 ~0.00297 <0.00297 ~0.00297 1 a.00297 

aenesium (me/L) I 6.51 I 4.23 I I .96 I 1.26 I 12.6 I 6.02 

bangame (mg/L) 1 <0,00365 1 <0.00365 1 ~0.00365 1 <0.00365 1 a00365 I co.00365 

olybdmum (mgiL) <0.0192 <O.Ol92 ~0.0192 co.0192 co.0192 ~0.0192 

Sodium (me/L.\ I 3.50 I 4.44 I 7.11 I 5.14 I 8.00 I 5.82 

Nickel (mg’L) 0.0286C <0.0218 0.0286C CO.0218 <0.0218 0.0286C 

Phosphorus (me) co.141 <0.141 co.141 co.141 0.408C <0.141 

Lead (VA-) <0.00126 <0.00126 <0.00126 <0.00126 <0.00126 <0.00126 

Sulfur (mgL) II.1 0.218C 1.53 0.125 I.12 2.77 

Antimony (mgiz) o.oo247bs o.ool28bT o.ooldv <o.oom9b o.oon&c <o.ooo919=’ 
Selenium (me/L) <0.000821 <0.000821 0.00166C 0.00084OC o.ool2oc 0.00121c 
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TABLEC-20(CONTINUED) 

’ A duplicate sample (GWC-3-20-2) was collected from this well. 
b Detected in the method blank. 
’ Less than five times the detection limit; results are expected to be less accurate as concentrations approach the 
detection limit. 

Nh4 = Not measured due to insufftcient sample 

c-43 



TABLE C-21 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

MARCH 18-19, 1996 (1ST QUARTER 1996) 
Parameter GWA-l-21-I GWC-1-21-l GWC-2-21-l GWC-3-21-la GWC421-1 GWC-5-21-I 

PH NM 6.04 5.79 5.25 4.98 5.54 
Conductivity (@/cm) NM 86 66 42 288 67 
Temperature (“C) NM 15.7 16.5 17.9 16.5 17.5 
Eh (mV) NM I53 I67 177 189 196 
Alkalinity (mgR. CaC03) NM 24.2 NM 7.4 5.6 4.7 
Total Dissolved Solids (mg/L) II3 71.0 69.0 49.0 I75 72.0 

1181 <O.OlSl <O.OlSl 0.616 <0.0181 

- 
Cadmium (ma) 1 0.000200 c 1 <0.000156 <0.000156 <0.000156 <0.000156 <0.000156 
Cobalt (me/L) 1 O.OOlSOC 1 <0.000580 t <0.000580 1 <0.000580 1 0.00585 1 <0.000580 

_ I 

Copper (mg/L) 
Chromium (q/L) 

Mercurv (me/L) 

1 0.00400 kc <0.00136 b <0.00136 b <0.00136 b <0.00136 b 0.00226 b-c 
1 0.0186 0.000630 C 0.00274 0.00188 0.00155 c 0.00587 
I <0.000039 <o.oooo39 <0.000039 <0.000039 <o.oooo39 <0.000039 . I 

bon (me/L) 0.0560 kc I 0.0510 kc 0.0501 kc I 0.0150 kc 1 0.158 b 1 0.261 b Potassium (me.&) I 2.72 I 0.730 I 0.372 I 0.128 I 0.659 I 0.361 I 
’ Lithium (mgiL) NM NM NM NM NM 

Mamesium lme/Ll 6.87 4.11 1.92 I.11 19.1 
Manganese (m&‘L) 0.00650 0.00121 c 0.00181 C 0.00274 0.0371 0.00745 

Mm705 <o.ooo705 <0.000705 0.00358 <0.000705 Molybdenum (mg’L) 
Sodium (mg/L.) 
Nickel (mg/L) 
Phosahorus (me/L) 

. - I 

Lead (mg/L) 

0.00270 C c0.c 
4.65 4.38 7.04 5.14 9.36 6.43 

0.0147 b 0.00110 b 1 0.0129 b 1 0.00292 ix 1 0.0217 b-c 1 0.00873 b 
0.0215 C 0.0224C 1 <0.00471 1 <0.00471 1 0.188 1 0.00854C 

CO.00126 <0.00126 <0.00126 <0.00126 <0.00126 <0.00126 
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TABLE C-21 (CONTINUED) 

a A duplicate sample @WC-Ml-Z) was collected from this well. 
b Detected in the method blank. 
C Less than five times the detection limit; results are expected to be less accurate as concenwtions approach the detection limit. 

NM -Not measured due to insuficient sample 
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TABLE C-22 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

JUNE 20-21, 1996 (SECOND QUARTER 1996) 
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TABLE C-22 (CONTINUED) 

Parameter GWA-1-22-l IGWC-I-22-I 1 GWC-2-22-I 1 GWC-3-22-1 1 GWC-I-n-la 1 GWC-S-22-1 

<0.00125 <0.00125 <0.00125 

Bromodichlommethane 
Rr”m”fnrm 

CO.0698 CO.0698 co.0629 <0.0629 <0.0629 CO.0629 
I I I <nnnu I <nnnu I I <on*%4 -. -..._ . -. 

Bromomethane co. 190 co.190 <O.lOl <O.lOl <O.lOl <O.lOl 
2-Butanone (MEK) co.289 CO.289 CO.819 CO.819 <0.x19 <0.819 
-- __.. _.__._.__ 

Carbon terrachloride 
I 

__.-- 
, 

_ _ _ _ _ _ _ _ --.“. “” 

CO.113 CO.113 1 co.0527 1 CO.0527 1 CO.0527 1 GO.0527 

Dibromochloromethanc 

l,2-Dichloropropane CO.0853 co.0853 CO.0566 CO.0566 CO.0566 CO.0566 
cis-l,3-Dichlompmpene <0.0545 <0.0545 <0.0614 <0.0614 <II0614 <0.0614 
tranr-l,3-Dichloropropme CO.0732 CO.0732 CO.0657 <0.0657 co.0657 CO.0657 
Ethyl methacrylate <0.0914 a0914 CO.0788 <0.0788 CO.0788 CO.0788 
Ethvlbenzenc co.107 co.107 0.393 <o&555 CO.0655 CO.0655 

2-Hexanone 
lodomethane 
4-Methyl-t-penfanone (MIBK) 
Methylene chloride 

co.193 
co.0553 
CO.172 

co.159 
<0.0981 

co.21 I 
co.0342 
co.146 
0.879 b 
co.0596 

<0.211 
co.0342 
co.146 
0.796 b 
0.0697 c 

co.21 I 
co.0342 
a.146 
l.ozb 

<0.0596 

co.2 I I 
co.0342 
~0. I46 
0.626 b 
0.141 c 



TABLE C-22 (CONTINUED) TABLE C-22 (CONTINUED) 

GWA-1-22-l GWC-1-22-I GWC-2-22-l GWC-3-22-I GWC422-la GWC-5-22-l 

co.093 I co.093 I CO.127 4 127 CO.127 CO.127 

GO.336 CO.336 <0.0681 <0.0681 <0.0681 <0.0681 

CO.256 CO.256 CO.125 CO.125 CO. I25 <0.125 

<0.0525 CO.0525 CO.0639 <0.0639 CO.0639 co.0639 

Parameter 

Trichloroetbene 

Trichlorofluoromethane 

l,2,3-Trichloropropae 
Vinvl acetate 
Vinyl chloride 

m & p-Xylene 
o-Xylem 

, Y 
CO.232 co.232 <0.0307 <0.0307 co.0307 co.0307 
a131 <0.131 0.882 C CO. I84 <0.184 ~0. I84 

do.789 CO.789 0.474 CO.0627 CO.0627 co.0627 

a A duplicate sample (GWC422-2) was collected from this well. 
b Detected in the method blank. 
C Less than five times the detection limit; results are expected to be less accurate as concentrations approach the detection limit 

C-48 



TABLE 23 
RESULTS OF GROUNDWATER MONITORING CONDUCTED 

SEPTEMBER 13-14.1996 (THIRD OUARTER 1996) 

Phosphorus(mgfL) 1 O.Ml743C 1 0.0152C 1 <0.00471 <0.00471 1 0.00854C 1 <0.00471 
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TABLE C-23 (CONTINUED) 

1 Dibromomethane NM NM 1 CO.169 1 CO.0621 1 NM NM 
u tram-1,4-Dichloro-2-butenc NM NM <O.lSl ~0.389 NM NM 

Dichlorodifluoromethanc NM NM CO.153 ~0.065 I NM NM 
I,l-Dichlorocthane NM NM <0.0864 CO.0919 NM NM 
1.2~Dichlnroethane NM NM <“~I25 <Ool”5 NM NM 

l,l-Dichlomethene 
cis-1,2-Dichloroctbme 
trans-l.2-Dichloroethene 
1,2-Dichloropropanc 
cis-l,3-Dichloropropene 
trans-1,3-Dichloropropenc 
Ethyl mctbacrylate 

. Ethvlbenzene 

NM NM CO.0767 <0.0802 NM NM 
NM NM ~0.083 I CO.0770 NM NM 

I NM I NM 1 ~0.103 1 ~0.0641 i NM I NM 
NM NM CO.0853 CO.0541 NM NM 
NM NM CO.0545 ~0.0538 NM NM 

NM NM ~0.0732 CO.0667 NM NM 
NM NM CO.0914 CO.121 NM NM 
NM NM co.107 CO.0649 NM NM 

2.Hexanone 
Iodometbane 

NM NM a193 ~0.208 NM NM 
I NM I NM I CO.0553 1 CO.0652 I NM I NM 

c-50 



TABLE C-23 (CONTINUED) 

1,1,2,2-Tetrachloroethane 
Tetrachloroethene 

1 Toluenc 

NM NM co.227 CO.0412 NM NM 
NM NM CO. 167 co.0487 NM NM 
NM I NM I <0.0619 CO.0492 NM NM 

a Duplicate samples were collected for mdionuclide analysis (GWC-3-2) and for the remaining parameters (GWC-4-2). 
b Detected in the method blank. 
C Less than five times the detection limit; results are cxpmed to be less accurate as concentrations approach the detection limit. 
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Appendix D 

Control Charts for Grchndwater Monitoring 
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Appendii E 

Results of Duplicate Groundwater Analyses 
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TABLE E-l 
RESULTS OF DUPLICATE GROUNDWATER ANALYSES 

I II 

Parameter I Fie’d Samole DuoliEate It% 1 .spe’; 11 

3rd Quarter 1993 
xl fld I c.0 I ?I l-l< I 21 I 12 H Total Dissolved Solids 1 21.06 r d"." -A_, d.." I <.a I Ld 

Rmmid.- I n 247 n -447 I iI" I " ?d? I "? I II 

Silicon 9.6 ( -1.0 -1 
1st Quarter 1994 

*I I-Id I -7d I dl tld I nn I 15 I Total Dissolved Solids 1 42.0d r 7I.V --.- T.." I ".V I .- 
Chloride I 7 77 7 7” I -75 I 7 71 I 027 I xl I 

1 Fluoride 1 0.0372' 1 0.0345 ( I -7.3 I I I II 
Nitrate-Nitrite as N 0.0827 0.0835 1.0 1 0.0817 ( 2.2 20 
Sulfate I .38 co.0471 ) NC 1 <0.0471 ) NC ) 20 
Radium 228 

II Gross Abha 
1 0.97 zt 0.52 1 0.96 * 0.52 1 -1.0 1 I 
I Mlo+n4d ln~9R+nM I -2.0 I I I II 

II Gross Beta 1 1.53 + 0.71 I 1.80 * 0~72 I 17.6 I 1~ I II 
1 Bi-214 43 * 19 34*18 -21 U 
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TABLE E-l (CONTINUED) 

Field % 
Duplicate 

Analvsis of % SDIX. 
Parameter Sample Duplicate Diff.’ Field Dup. RPDb Limit 

Pb-214 I 41*22 I 41 224 I 0 I I I 

E-4 



TABLE E-l (CONTINUED) 

4th ( 
Total Dissolved SoW 7” I 7: 
Chloride I 3.02 t 3.00 I -0.7 I 2.89 I 3~7 I 20 II 
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TABLE E-l (CONTINUED) 

Parameter Sample 
Field % 

Duplicate Diff.’ 

Duplicate 
Analysis of % 
Field Dup. RPDb 

Spec. 
Limit 

E-6 



TABLE E-l (CONTlNUED) 

4th Quarter 1995 
Total Dissolved Solids 1 36.0 42.0 17 34.0 21 15 
Chloride I 3.52 I 3.45 I -2 I 3.50 I I I 20 

I “.“>“I , “.“d”‘. , -.G “.“&“I I I L” 

Sulfate 0.233 <0.0491 1 NC / <0.0491 1 NC 1 20 
Nitrate-Nitrite a5 N I 0.32X I 0.406 I 24 I 0.414 I 2 I %I 
AlUlllinUlll 0.0338’ a.0270 
Arsenic 0.0012~ <n nnn!a 
Rornn I n omd 

, NC 
,.““““J7 NC 

--.-.. I -.---- a.0105 NC 
I 0.00973 I 0.0086Y -11 

Silicon 9.48 9.88 4 
Strontium 0.00387’ 0.00408’ 5 
Titanium 0.000425d 0.00174~ 314 < 
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TABLE E-l (CONTINUED) 

Parameter Ssmole 
Field % 

Duolicate Diff.’ 

Duplicate 
Analysis of % Spa. 
Field Duo. RPDb I.imit 

Phosphorus 
Sulfur 
Selenium 
Silicon 
Strontium 
Titanium 
Vanadium 
zinc 

0.037’ 0.158’ 327 
1.44 1.59 10.4 

0.003996 CO.00258 NC 
10.3 14.7 42.7 

0.0858’ 0.104‘ 21.2 
0.0241 0.306 1170 

<0.000681 0.00567 1 NC 
<0.00309’ 0.00602~’ 1 NC 

II Acetone I <“.274 I 19.x I NC I I I 
BellZne 
Ethylbenzene 
Methylene chloride 
Toluene 

~0.0633 0.174d NC 
co.0655 0.0724’ NC 

1.02’ 1.17= 14.7 
a0537 0.55 NC 




